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I. INTRODUCTION 
1. Purpose 
This is the final report on a project which, over a period of 
several years, investigated the general behavior of structural metals. 
The purpose of this program was to study, in the form of rather simple 
elements, the behavior of steel and other structural materials when subjected 
to various types of static, impact, and fatigue tests. Such basic informa-
tion then, in addition to the usual mechanical properties of the material, 
might be taken into account in evaluating materials for structural purposes. 
The work was divided into a number of fundamental studies which 
are described in the following sections. Different phases of each study 
have been recorded over a period of several years in numerous theses. Many 
of these theses have been presented in technical or progress reportsj some 
of them have been combined or mentioned in technical papers while others have 
not been reported. 
This final report lists all reports and publications that were 
issued previously as part of this investigation and presents in considerable 
detail the contents and conclusions of the theses that have never been re-
ported1 It also includes the material from those theses that may have been 
briefly summarized or partially reported previously, since frequently more 
complete information has been requested and has not been available except 
in the original thesis. 
2. Brief Description of Each Fundamental Study 
2.1 Small, Notched-Specimen Static Tests 
This phase of the work was undertaken to obtain information on the 
behavior, in static tensile tests, of numerous types of small notched 
2 
specimens when subjected to changes in testing temperature and to evaluate th~ 
relationship of the data obtained to the results from previous large-scale 
laboratory tests. 
202 Axial Tension-Impact Tests 
Axial tension-impact tests, employL~g several different initial 
energies and striking velocities, were made on small, round, notched specimens. 
The data from these tests were compared with the results of previous large-
scale tests. 
203 Repeated-Im~act and Impact-Fatigue Tests 
This work was undertaken to obtain an indication of the notch 
sensitivity and behavior of material under stresses producing elastic and 
plastic deformation in repeated-impact and impact-fatigue tests. 
204 Cumulative Damage in Fatigue 
The object of these tests was to determine the effect of initial 
cycles of under-stress, over-stress, and stress hastory on subsequent behavior 
in fatigue. These tests were made on relatively large specimens and there-
fore the results are somewhat indicative of fatigue strengths which structural 
parts subjected to cyclic loading might exhibit. 
205 Strength of Metals under Repeated Axial Compression and Tension 
These tests were undertaken to investigate the behavior of struc-
tural steel and other metals when subjected to repeated axial load ranges 
varying entirely in the compressive range or varying from small tensions to 
large compressions. 
206 Upper and Lower Yield Point of Structural Steels 
Tests were conducted to determine the upper and lower yield 
points of several ordinary structural steels and investigate their relation 
.~,.!., 
i.: 
~ 
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to other mechanical properties and the tendency to brittle fracture. These 
tests required the development of a suitable test specimen and test procedureo 
2.7 Metallurgical and Mechanical Properties of Steel Rivets 
This phase observed the metallurgical and mechanical properties 
of hot-driven structural steel rivets and the effect of heating and driving 
conditions thereon. The tests necessitated the design and construction of a 
10,000 £t-lb impact testing machine. 
2.8 Instrumentation and Techniques 
In order to carry on and in connection with various phases of this 
investigation, it was necessary to build special apparatus for conducting 
the tests and to develop specific methods for making measurements. Some of 
them are described in the reports devoted to the specific study concerned. 
However, when desirable, comprehensive reports giving detailed information 
concerning the equipment were issued. 
Several steels were used in carrying out the various phases of this 
investigation. The symbol and chemical composition for each of these steels 
are given in Table 2.1. 
3. Summary of Reports and Theses 
The reports and publications on this investigation that have been 
issued thus far are: 
1. Bruckner, W. H., Newmark, N. M., "Axial Tension-Impact Tests of struc-
SteelS", Welding Journal, Vol. 28, Feb. 1949, ppo 67S-80S. 
2. Bruckner, W. H., liThe Effect of Prior Strain and Aging at 2120 F. Upon 
the Tension-Impact Properties of Two Rimmed and Two Killed Steels ll , 
Engineering Experiment Station, Structural Research Series Report 
No. S-l, University of Illinois, Feb. 1950. 
3. Bruckner, W. H., Ne'W'l1lark, N. M., "Axial Tension-Impact Tests of Struc-
tural Steels, Supplement No. In, Welding Journal, Vol. 29, April 1950, 
PI? • 212S -2l6s. . 
1, 
-r 
40 Bruckner, Wo H., tiThe Micromechanism of Fracture in the Tension-Impact 
Test rT , Welding Journal, Volo 29, September 1950, ppo 467S-476s. 
5" Bruckner, W. H., flTension Impact Tests of Spheroidized Steel", Engineer-
ing Experiment Station, Structural Research Series No. s-6, University 
of Illinois) November 1950. 
60 Hall, w. J., Sinnarnon, Go K., tlA Mechanism for Controlling Large-Scale 
Fatigue Testing Machines lf , Proceedings of the Society for Experimental 
Stress Analysis, Volo X, No.1, pp. 203-209, 1952, (From M.S. Thesis by 
W. Jo Hall). 
70 Hechtman, Ro A., flA Study of the Effects of Heating and Driving Conditions 
on Hot-Driven Structural Steel Rivets", September 1948, (From Ph.D. Thesis). __ . 
8. Hoeltje, Wo C., Newmark, N. Mo, "Brittle Strength and Transition Tempera-
ture of Structural Steel fi, Welding Journal) Vol. 31, November 1952, pp. 
515S-521-S, (From M.So Thesis by Wo C. Hoeltje). 
9. Merritt, J. L., Mosborg, Ro J., Munse, Wo H.) "Fatigue of Metals at Ranges 
of Stress Extended to Compression", Civil Engineering Studies) Structural 
Research Series Report No. 104, University of Illinois) July 1955, (From 
MoSo Thesis by Jo L. Merritt) 0 
10. Mosborg, R. Jo, UApparatus for Low Temperature Tensile Tests") ASTM 
Bulletin Noo 177, October 1951) ppo 41-44. 
11. Newmark, N. M., Hechtman, Ro A., Progress Report No. ~ fiDevelopment of 
Criteria i'or Selecting Structural MetalS") May 1947. (Includes M.S. Theses 
nUpper and Lower Yield Points of Ordinary Structural Steels" by S. p. 
Asrow and tiRepeated Impact Tests of Structural Steels n by W. L. Weaver). 
120 Newmark, ·N. M., Hechtman, Ro A., Roberts, H. Co, Progress Report No. 30 
"Development of Criteria for Selecting Structural MetalS", August 1947. 
130 Ne"WIllark, No Mo, Mosborg, R. Jo, Munse) Wo H., Elling, Ro Eo, "Fatigue 
Tests in Axial Compression tl , ASTM Proceedings, Vol. 51, 1951, ppo 792-
810. 
14. Ne"WlIlark, N. Mo, "Review of Brittle Fracture Research at the University 
of IllinOiS", Presented at the MIT Conference on Brittle Fracture . 
MechaniCS, October 1953. Issued as part of Ship Structure Committee 
Report No. 69, "An Evaluation of Current Knowledge of the Mechanics of 
Brittle Fracture" by Do C. Drucker) May 19540 
15. Ne'WIIlark, No M., - "A Review of Cumulative Damage in Fatigue!:. Presented 
at the MIT Conf'erence on the "Fatigue and Fracture of Metals It) June 
1950. A part of "Fatigue and Fracture- of Metals" ed;i.ted by W. M. Murray 
and published jointly by ']he Technology Press of MIT and John Hiley and 
Sons -' Inc., 1952. (Includes information from M. So. Thesis "The Effect 
of Overstressing and Understressing on Cumulative Damage in Fatigue lt 
by Jo E. Stallmeyer and Ph.D. Thesis "The Effect of Stress History on 
Cumulative Damage in Fatigue" by J. E. Sta1lmeye~) 
5 
16. Richart, F. E., Jr.) Newmark" N. M., "Cumulative Damage in Fatigue t1 , 
Engineering Experiment Station) University of Illinois, February 1948. 
17. Richart, F. E.) Jr., Neioffilark, N. M., nAn Hypothesis for the Determina-
tion of Cumulative Damage in Fatigue tf , ASTM Proceedings, Vol. 48, 1948, 
pp. 767-798) (From Ph.D. Thesis by F. E. Richart, Jr.). 
18 . Roberts, H. C., Newmark, N. M.) "A Servo -Controlled Fatigue Testing 
Machine", Engineering Experiment Station) University of Illinois) 
August 1948. 
19. Roberts, H. C., "Analysis and Interpretation of Dynamic Records t1 ) ASTH 
Symposium on Dynamic Stress Determination) Special Technical Publication 
No. 104, August 1950. 
20. Roberts, H. C., "Notes on the Application of SR-4 Strain Gages") Engineer-
ing Experiment Station, Structural Research Series Report No. 15, Univer-
sity of Illinois) 1949. 
21. Roberts" H. C., McDonald) V. J., "Control and Programming of a 200,000-
Ib Fatigue Machine II, Proceedings of the Soc iety for Experimental Stress 
Analysis, Vol. XI, No.2, 1954, pp. 1-10. 
22. Wilson) W. M., Newmark, N. M., Progress Report No.1, "Development of 
Criteria for Selecting Structural Metals tt , November 1946. 
The following theses have not been reported previously in detail 
and are included in this final report: 
23. Benmuvhar" E. I., tl lDw Temperature Static Tests on Structural Steel n ) 
M. S. 19500 
24. Boas, W. E., "Development of Small Specimen Acceptance Tests for Ordinary 
Structural SteelS", M.S. 1947. 
25. Elling, R. E.) "Tests of Metals in Repeated Axial Compression and TenSion", 
M.S. 1952. 
26. Errera" S. J." IIEnergy-Velocity Effects on Structural Steels Under Axial 
Tens ion - Impact n" M. S. 1951. 
27. Ly"tle, W. F., "Repeated Impact and Impact Fatigue Tests of Steels", 
M. s. 1948. 
28. Mosborg) R. J., nAn Interpretation of Mode of Fracture in Mild Steel n , 
M. S. 1949. 
29. Randall, P. N., "Factors Influencing the Strength and Ductility of 
Slotted Tensile Specimens of structural Steel Plates"" Ph.D. 1948. 
30. Sinnamon, G. K., "Tests of Steel Under Repeated Impact l1 , M.S. 1949. 
The above theses have been edited, somewhat condensed) and reported 
in subsequent sections under the particular study of which they were a part. 
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II. STATIC TESTS OF VARIOUS TYPES OF SPECIMENS 
4. Studies by W. Eo Boas 
4.1 General 
The failure of a number of vlelded steel merchant ships during World 
War II focused attention on the problem of brittle failure ~f structures made 
of stee~o These fractures appeared to be crystalline and normal to the sur-
face of the plate rather than at 45 degrees as would be the case in a ductile, 
shear-type failure. Little ductility was evident, as indicated by almost zero 
reduction of plate thickness at the fractured edge. 
Several laboratory investigations into the causes of these failures 
were started during the "Har. Tests of flat plates which were considered to 
most nearly represent the conditions present in ships were conducted at the 
Universities of Illinois and California and are referred to as the Wide-Plate 
Tests. Because of the need for a quality control test to select steel plate 
and the prohibitive cost of Wide-Plate Specimen Tests, it was considered 
highly desirable to develop a small specimen test which would provide a be-
havior to compare favorably with that found in the Wide Plate Testso 
In this preliminary group of static tension tests, specimens of 
several simple designs were tested in an attempt to find a simple specimen 
which \vould give: -resUlts that would correlate with information from previous 
large-scale tests and to understand better the relationship of temperature, 
specimen geometry and Size, stress raiser severity, and type of steel to 
brittle and ductile fracture. Several types of round and rectangular spec-
imens ~ere testedo 
4.2 Types A, B, and C Bectangular Specimens 
The type A, B, and C specimens with a jeweler's saw-cut stress 
raiser are shown in Figo 4.1 (a). Types A and B specimens were milled to a ('~' .. -
7 
thickness of 1/8 in. and 1/2 in. respectively, while type C specimens were 
full plate thickness (3/4 in.) "with the mill-scale intact. A transverse 
stress raiser, consisting of a 1/4-ino diameter hole with a 0.015-in. wide 
jeweler's saw-cut on each side, was centrally located in the specimens which 
were taken from a 3/4-in. plate of killed and normalized steel Dn. Tne 
longitudinal axis of the specimen was parallel to the direction of rolling 
of the plate. The mechanical properties of the material as obtained from two 
AS~1"standard 1 1/2 in. by 3/4 in. tensile coupon test specimens are given 
in Table 4.1 (Plate 14-Dn). 
Type A specimens were tested in a 20,00o-lb Riehle scre"\v-type 
testing machine while Types B and C specimens were tested in a 200,000-lb 
Riehle screw-type testing machine." All of the specimens were held directly 
in the wedge-grips of the testing machine and were cooled to the desired 
testing temperature with flat copper tanks clamped to each side of the cen-
tral portion of the specimen. Commercial solvent cooled with dry ice was 
circulated through these tanks. Thermocouples were used to measure the 
temperature of the specimens near the edge and also near the stress raiser. 
All specimens were tested to failure at a machine crosshead speed of about 
0.05 in. per min. During the tests the yield point (indicated by the drop 
of the beam of the testing machine), the maximum load, and the final load 
were recorded. Elongations over a 2-in. gage length at the center of each 
edge of the specimen, and initial and final areas of each specimen were 
measured. 
The results of the tests are given in Table 4.2. The percent of 
fracture area at 90 degrees refers to that portion of the area which is 
normal (on a macroscopic scale) to the surface of the specimen. The term, 
8 
energy factor) is merely a relative measure of the energy absorbed in deform-
ing various specimens and is the product of the ultimate stress and the final 
elongation over the 2-in. gage length. 
From the table it can be seen that a change or transition from a 
ductile to a brittle type of fracture did not always occur. For Type A speci-
mens, apparently the transition "\-lOuld occur at some temperature below -45 deg. 
F; for Type B specimens, 0he transition occurred between -5 and -10 deg. F; 
for Type C specimens, the transition occurred between 0 and -10 deg. F. These 
changes in type of fracture were evident from significant changes in ductility 
and fracture appearance. It is apparent that the transition temperature varied 
with the thickness of the specimen, the thinnest specimen, T,ype A, showing a 
markedly lower transition temperature than the other specimens. 
It can be seen also that the ultimate strength of these specimens 
increased somewhat with the specimen thickness, from about 63,000 psi for 
Type A specimens to 67,000 psi for Type C specimens 0 
4.3 Types D, E, 8-rJ.d F Round Specimens 
The Ty:pe D, ~ and F round spec imens, Shovlll in Fig. 4.1 (b) were 
taken from a 3/4-in. plate of killed and normalized steel Dn with their 
longitudinal axis parallel to the direction of·· rolling of the steel. The 
center section of eacp of these types of specimens was machined to the 
desired diameter--l/4 in. for Type D, 7/16 in. for Type E, and 7/16 in. 
for ~ype F. The length of this center section was made equal to twice the 
diameter. In the center section of Type F sections, a circumferential notch 
with a depth of 0005 in. and a root diameter of 0.02 in. was machined. The 
mechanical properties of the plate, from two ASTM standard 1 1/2-in. by 3/4-
in. tensile coupon test specimens, are given in Table 4.1 (Plate lO-Dn). 
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All round specimens were tested in a 30)000-lb Riehle screw-type 
testing machine. These specimens were immersed directly in a bath of com-
mercial solvent cooled with dry ice to the desired testing temperature. A 
thermocouple was soldered to each side of the specimen near the stress raiser 
to measure the temperature of the specimen. All of the specimens were tested 
to failure at a continuous testing machine crosshead speed of about 0.05 in. 
per min. 
Three load readings were obtained during the tests -~the yield point 
(indicated by the drop of the beam of the testing machine)) the maximum load, 
and the final fracture load. The elongation between the two shoulders of 
these specimens and the reduction in diameter of the center section of these 
specimens were measured. 
The results of these tests are given in Table 4.3. From the table 
it can be seen that a shear type of fracture was obtained in the tests of 
Types D and E specimens only. The Type F specimens that were tested showed a 
mixed type of fracture. Based on the fracture appearance and measures of 
ductility (percent reduction of area and elongation)) the transition tempera-
ture seems to be below -80 deg. F for Type D specimens) below -87 deg~ F for 
Type E.specimens) and somewhat above +4 deg. F for Type F specimenso The 
ultimate strengths of Types D and E specimens ranged from 72)000 to 77)000 
psi, whereas the ultimate strength of circumferentia11y notched Type F 
specimens was approximately 100)000 psio 
4.4 Types G) H) and I Rectangular Specimens 
The three types of rectangular specimens, G) H) and I) with a round 
hole stress raiser are shown in Fige 4.1 (c). Tnese specimens were taken from 
3/4-in. thick plates of rimmed steel R and killed steel K. The stress raiser 
was centrally located in the 3-in. wide section of the specimen. The longi-
tudinal axis of the specimens was parallel to the direction of rolling of the 
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steel. Mechanical properties of these plates, from two ASTM standard 1 1/2-in. 
by 3/4-in. tensile coupon test specimens, are given in Table 4.4. 
The stress raisers in these specimens were designated as follows: 
a 15/l6-in. drilled hole--Type G; a 15/16-in. punched hole--T,ype H; and an 
11/16-in. punched hole reamed to a 15/16-in. diameter--Type 10 
These specimens were tested in the same testing machine and with 
testing techniques similar to those used with the B and C type specimens. A 
mixture of commercial solvent cooled with dry ice was pumped through two flat 
copper tanks clamped to each side of the central portion of the specimen. The 
temperature of these specimens was measured with two thermocouples, one soldered 
to each edge of the specimen near the stress raiser. 
In order to have a more complete picture of the deformation of the 
specimens several mechanical measurements were made. The elongation of these 
specimens was measured on 2-in. and 4-in. gage lengths over four gage lines on 
each face and one in the center of each edge of the specimen. The thickness 
was measured at eight points across the net section of the specimen. The 
locations of the gage points for the elongation measurements are shown in 
Fig. 4.1 (c)c 
The results of these tests are summarized in Tables 4.5' and 406 
and are shown in Figs. 402 to 4.6. Considering the temperature at which the 
character of the fracture changes) it can be seen, in general, that the 
presence of the notches had a greater effect on the rimmed steele Of the 
tj~es of holes conSidered, the pLLnched hole seems to have been the most 
s~vere stress raiser. In terms of ductility Types G and I specimens ex-
perienced a decreasing trend as the temperature was reduced. However, Type 
H specimens of both rimmed and killed steel gave a sharp drop in ductility 
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when the t:Y1>e of fracture changed from shear to cleavage and in this case onl:r; 
was a change in fracture appearance a valid indication of an abrupt change in 
energy absorbing capacity or of suitability of a material for structural 
purposes. There was always a marked change in fracture appearance but not 
always a significant change in corresponding ductilities for the other spec-
imens. In general) Type I specimens had the highest ultimate strength and 
Type H specimens had the lowest. It should be noted also that the fracture 
stresses for cleavage failures of rimmed steel specimens with punched holes 
were the sa~e as the ultimate stresses) indicating that this combination of 
steel and stress raiser is particularly· severe. 
4.5 Types RG and BE Riveted Specimens 
Types RG and RH rectangular specimens \-Jere similar to T.J.pes G and 
H specimens but included a not driven button head rivet in the hole. These 
rivets were driven with a No. 90 riveting hammer at an air pressure of 90 psi 
by a qualified riveter. The mechanical properties of the plates from which 
these specimens were taken were obtained from tests of two ASTM standard 
1 1/2-in. by 3/4-in. tensile coupon test specimens and the results are given 
in Table 4.4. 
The method of testing these specimens was the same as that used for 
Types G and H specimens. Measurements of elongation and reduction of area 
were also made in a similar manner. 
The results of these tests are summarized in Table 4.7 and various 
measured values are plotted versus the testing temperature in Figs. 4.2 
to 4.6. From Fig. 4.2 it can be seen that a change in fracture appearance 
occurs somewhere between -10 and +30 deg. F for both types of specimens made 
of each kind of steel. Tests of rimmed and killed steel specimens with a 
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drilled hole stress raiser showed a slight decrease in elongation, reduction of 
area, and energy absorbing capacity when the type of fracture changed from 
shear to cleavage. Specimens with a punched hole stress raiser, however, 
showed a marked decrease in these variables (in both steels) when the type 
of fracture changed. 
For specimens with punched hole stress raisers-- Types H and RH, 
the presence of a rivet appeared to raise the transition temperature in the 
case of the killed steel and lower it in the case of the rimmed steel a small 
amount. At similar testing temperatures, the presence of a rivet in punched 
hole specimens caused little difference in ductility, whereas in drilled hole 
specimens the ductility appeared somewhat reduced. 
When measured by energy factor (Fig. 4.5), the punched hole specimens 
had a decidedly smaller energy absorbing capcity than the drilled hole spec-
imens. In addition, this absorbing capacity was not as greatly affected when 
the type of fracture changed. 
In Fig. 4.6 it can be seen that the ultimate strength of these spec-
imens increased with little indication of change in type of fracture as the 
testing temperature decreased. Also, specimens with drilled hole stress 
raisers exhibited greater strengths. For a given stress raiser, rimmed steel 
specimens gave consistently lower ultimate strength. 
4.6 Summary 
For the type of specimen tested, the transition temperature range 
decreased considerably as the specimen thickness varied from 3/4 to 1/4 in. 
in the presence of a jeweleris saw cut stress raiser. 
Punched and drilled hole stress raisers, common in structural fab-
rication, were se~ere enough stress raisers to cause a transition in fracture 
i·, 
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appearance in both rimmed and killed steel specimens. However, an abrupt 
change in ductility occurred only in the tests of specimens with punched holes. 
Rimmed steel specimens were much more sensitive to these stress raisers. 
Specimens with punched and drilled hole stress raisers filled with 
rivets gave results vlhich Vlere not significantly different from those obtained 
in the tests of similar specimens without rivets. 
50 Studies by R. J. Mosborg 
5.1 General 
The tests in this group were confined primarily to rimmed steel be-
cause the apparent transition temperature, as indicated by the wide plate in-
vestigation and previous exploratory tests (Section 4), was significantly high-
er than for killed steel and would therefore be more easily obtained. In all 
of these tests the strain rate was held constant and a temperature range of 
260 deg. F was used to determine the transition t'emperature range from cleavage 
to shear fracture. A careful study was made of the variations in type of 
fracture, elongation, thickness, width, and stress which occurred in tests 
of specimens with various stress raisers. The purpose of these measurements 
was to determine which of the measurements of deformation was the most sensi-
tive and would give the best correlation with change in type of fractur~. 
In order to classify a punched hole stress raiser, results from, 
previous tests which included a l5/16-in. diameter punched hole as a stress 
raiser were compared with results obtained from specimens with various drilled 
hole stress raisers in this series of tests. An attempt was made to produce 
a rather inexpensive and simple test by using specimens with flame-cut edges 
and stress raisers that were relatively severe but still not too difficult 
to produce. Results from this series were compared with similar machined-edge 
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specimens in other series. In order that a relation between the shape of the 
notch and the resulting severity might be obtained) tests of similar small 
test specimens with both round-bottomed and rectangular-bottomed notch pro-
files were made. In addition to these small test specimens, 15-in. wide 
specimens with five 15/16-in. holes on 3-in. centers were tested. Results 
from tests of these large specimens were compared with those from the 3-in. 
wide specimen tests. 
5.2 Specimen Description 
The specimens used in this investigation were taken from 3/4-in. 
thick plates) those f~om rimmed steel R denoted by the symbol R and those 
from killed steel K denoted by the symbol K. They were all made with their 
longitudinal axis parallel to the direction of rolling of the plate. 
The small rectangular spe~imens with various round-bottomed stress 
raisers were 20-in. long, 3-in. wide, and contained a 15/16-in. centered 
internal slot as shown in Fig. 5.1. Therefore, all specLuens maintained a 
constant ratio of transverse length of the stress raiser to overall width of 
the specimen. The extremities of this internal slot consisted of various 
types of round holes with the following diameters: 
Type H - 15/l6-in. punched hole 
Type G - l5/l6-in. drilled hole 
Type DG - 1/4-in. drilled hole 
Type FG - No. 47 drill holes (diameter of 0.078 in.) 
Type EG - No. 62 drill holes (0.038 in. formed by .lapping round 
the end of a hacksaw cut) 
All of the above specimens were machined to a final overall width of 3 in. 
For comparison with the results from TYPe FG specimens, a series 
of spec~ens with a No. 47 drill hole stress raiser were carefully machine 
flame-cut to a total width of 3 in. These were designated Type FM specimens. 
-; 
f-;:--
2·, 
; .... -: 
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Small rectangular specimens with various square-bottomed stress 
raisers were fabricated with machined edges similar to those described pre-
viously. However) in this case the internal slot terminated in the following 
rectangularly shaped stress raisers: 
Type KG - hacksaw cut (O.038-in. wide) 
Type JG - jeweler's saw-cut (o.014-in. wide) 
Similar specimens) referred to as Type KM) were carefully machine flanle-cut 
to an overall width of 3 in. The internal slot and stress raiser of these 
specimens was identical to that of Type KG. 
The large rectangular specimens with several stress raisers were 
all 36 in. long and machined to a final overall width of 15 in. Located at 
the middle of the specimen and centered transversely across the section were 
five l5/16-in. diameter holes on 3-in. centers. Each group of holes varied 
in method of fabrjcation and was referred to as follows: 
Type LH - l5/l6-in. diameter punched holes 
Type LG - 15/l6-in. diameter drilled holes 
The details of these large specimens are shown in Fig. 502. The mechanical 
properties of the steels, as determined by ASTM standard 1-1/2-in. by 3/4-in. 
tensile coupon tests) are given in Table 4.4. 
5.3 Testing Details 
The small specimens were all tested to failure in a 200,OOO-lb 
Riehle screw-type testing machine at a crosshead speed of about 0.05 in. 
per min. Each specimen was welded to pulling heads which were held direc-
tly in the flat grips of the testing machine and constant testing tempera-
ture was obtained by immersion in a bath. For testing temperatures below 
room temperature, this bath was a mixture of dry ice and commercial solvent, 
while for those above room temperature a mixture of steam and water was 
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used. A range of temperature from -100 to +160 deg. F was obtained with these 
baths. Two tbermocouples were soldered to each specimen to provide temperature 
records throughout each test. 
For each specimen that was tested three load readings were recorded. 
These were the yield load as indicated by the drop of the beam, the ultimate 
load, and the final or fracture load. 
Mechanical extensometers were used to measure the elongations of 
these specimens on 2-and 4-in. gage lengths over four gage lines on each face 
and one gage line on each edge. Thicknesses were measured with a plate gage 
at four locations on each side of the internal slot. The horizontal and 
vertical diameters of the internal slot as well as the net vlidth on each side 
of the slot were measured at both surfaces. The location and number design-
ation of the gage lines and thickness lines are sho~m in Fig. 5.1. 
The 15-in. wide specimens were tested to failure in a 600,OOO~b 
Riehle screw-type testing machine at a crosshead speed of about 0.05 in. per 
miLl. The specimens were vlelded to pulling heads which were bolted in the 
heads of the machine. Constant testing temperature of the specimen was main-
tained throughout the test by the circulation of fluid through flat copper 
tanks strapped to both sides of the specimen at the net section. The other 
details of the tests were similar to those for the small specimens. 
For the 15-in. wide specimens, elongation was measured on 4-in. 
gage lengths over eleven gage lines on each face and one on each edge. 
Thicknesses were measured on eighteen thickness lines across the section. 
The horizontal and vertical diameters of all internal holes and the widths 
between the holes were measured at both surfaces. 
5.4 Results of Tests 
The test results for the 3-in. wide specimens with machined edges 
are given in Tables 5.1, 5.2, and 5.3. Some of these data are presented in 
~; 
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Figs. 5.3 to 5·7, where the variation of percent of fracture area at 90 degre·"s,:; 
percent reduction of area, elongation in 2 in., energy factor, and ultimate 
stress with temperature is shown. 
The data concerning the general appearance of the fracture area 
refers to the condition of the fractured surface. This surface may be either 
nonnal (at 90 degrees), inclined at approximately 45 degrees to the surface 
of the specimen, or a combination of the two conditions 0 Figure 5.3 sh01-TS the 
variation of percent of fracture area at 90 degrees with the testing tempera-
ture. It can be seen for all types of small specimens tested that a change in 
the general fracture appearance occurred over a small temperature range. 
Above this particular temperature range the greater portion of the fractured 
surface is inclined at approximately 45 degrees to the surface of the specimen 
and is referred to as a shear fracture. Below this range, the fracture sur-
face is primarily normal to the surface of the specimen and the fracture is 
normally termed cleavage. An examination of this figure reveals that a trans-
ition in behavior did occur within the interval +30 to +70 deg. F for all 
types of small specimens except those specimens having a 15/16-in. diameter 
drilled hole stress raiser, Type G. Increasing the severity of the stress 
raisers seemed to give results that were less scattered and transition ranges 
that were narrower. 
Photographs of the fractured surfaces of the specimens with a 
15/l6-in. drilled hole, a 0.078-in. drilled hole, a 0.038-in. drilled hole, 
and a o.014-in. wide jeweler's saw-cut stress raiser are shown in Figs. 5.8, 
509, 5.10, and 5.11, respectively. These photographs indicate that the 
change in fracture appearance for these small specimens occurs suddenly 
but over a range of temperature. 
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The transition temperature range may also be determined by the 
amount of energy that a material is capable of absorbing. Therefore, it 
should bear some relationship to the amount of deformation which the spec-
imen undergoes. To determine the amount of deformation which occurred, the 
average elongation in 2 in.) average elongation in 4 ino) reduction of area, 
change in average thickness, change in net vlidth, and change in horizontal 
diameter of the stress raiser were measured. 
The results obtained for changes in horizontal diameter of the 
stress raiser were scattered and showed no trend whatsoever. Those variables 
which gave the most uniform results were the average elongation, average 
thickness" and change in net width. Variation of elongation in 2 in. and 
percent reduction of area are shown in Figs. 5.4 and 5.5, respectively. 
Referring to the figures it can be seen that, ~n the basis of variation in 
elongation and reduction of area" all types of specimens tested except TYPe G 
exhibited a transition temperature range. 
The ductility of a material is the ability to deform prior to 
fracture. This degree of deformation is related to the amount of energy 
absorbed and can be approximated by a quantity called "energy factor, TI de-
fined here as the product of the ultimate stress and the elongation over a 
gage length of 2 inc The energy factor, plotted in Fig. 5.6, 'also indicates 
a transition temperature range for all specimens tested except the one with 
the l5/l6-in. drilled hole stress raiser. Below the transition range a 
cleavage type of fracture occurred and the energy factor decreased as the 
severity of the stress raisers increased" indicating the importance of 
stress raiser severity when cleavage fractures take place. Fractures above 
the transition range were of the shear type J and for this type of fracture, 
19 
the energy factor showed little change in value for the various stress 
raiser severities usedo 
In Figo 50( are shown the ultimate stresses obtained for each of 
the types of specimens testedo In general~ the ultimate stress increased 
as either the testing temperature or the stress raiser severity decreasedo 
This increase took place without evidence of a change in type of fracture for 
all specimens except those containing a Noo 62 drill hole (Tj~e EG) or a 
jeweler's saw-cut (Type JG) stress raiser~ which represent the most se'~re 
stress raisers used.. The ultimate stress for these two types of specimens 
suffered a slight drop when the type of fracture changed from shear to 
cleav~ge, but with fUrther~temperature reduction$ this ultimate stress 
increased again 0 
A few 3-in. wide specimens were made with flame-cut.instead of 
machined edges and the results of these tests appear in Table 5 .. 40 These 
specimens were Type FM, with a Noo 47 drill hole stress raiser~ and Type KM~ 
with a hacksaw-cut stress raiser. These specimens were identical tb spec-
imens Type FG allQ KG, respectively, with machined edges~ A comparison of 
the results for Type FM with those for Type FG at similar testing tempera-
~CL~S is given in the following table: 
T::v:pe of Specimen EM FG FM FG 
Temperature of TestJ Deg. F 35 30 71 71 
Percent of Fracture Area at 90 Degrees 95 95 10 10 
Final Elongation in 2 in., in .. 0134 0133 0314 0299 
Final E~ongation in 4 in .. , in. .. 189 .. 187 0368 0353 
Percent Reduction of Area 703 805 1804 2305 
Energy Factor, in. -lb per s~o in. 8,200 7,400 18,500 l6~ 400 
Yield Stress, psi 53, 000 47,900 50,500 45: 600 
Ultimate Stress] psi 60,800 551' 900 58~ 700 54,800 
Final Stress, psi 60~ 000 55.9900 5J)lOO 1l:400 
A comparison of the results for Type KM with those for Type KG at similar 
testing temperatures is given in the following table~ 
Type of Specimen 
Temperature of Test, Deg. F 
Percent of Fracture Area at 90 Degrees 
Final Elongation in 2 in.) in. 
Final Elongation in 4 in., in. 
Percent Reduction of Area 
Energy Factor, in.-lb per s~in. 
Yield Stress, psi 
Ultimate Stress, psi 
Final Stress, psi 
KM 
36 
95 
.136 
0185 
8.5 
8,000 
52,400 
595 000 
59,000 
KG 
41 
90 
.147 
.190 
7·8 
8,100 
47,400 
55,100 
55,100 
KM 
69 
10 
.287 
·339 
22.q 
16,500 
49,500 
57,500 
16,800 
KG 
84 
10 
·304 
·355 
22.1 
16,000 
44,700 
52,700 
10,900 
From the above tables it seems evident that for this size and type 
of spec~en with a rather severe stress raiser, the results are very similar, 
regardless of the condition (machined or machine flame-cut) of the outer edge. 
At similar testing temperatures, specimens with flame-cut edges gave strengths 
that were some 10 percent higher than those obtained from specimens with 
machined edges. 
The results of the tests of 15-in. wide specimens are given in 
Table 505, and the broken rimmed steel specimens with punched hole stress 
raisers are shown in Fig. 5.12. In these specimens a change in fracture 
appearance occurred at a conSiderably higher temperature for specimens with 
punched holes than for those with drilled holes. For the tests conducted, 
the ductility of the specimens with drilled hole. stress raisers seems only 
slightly affected by change in temperature. Punched hole specimens, how~ 
ever, indicated a definite trend in ductile behavior over the temperature 
ranges of the three tests available. The 15-ino wide specimens showed 
slightly greater ultimate strengths than the 3-in. wide specimens with 
similar stress raisers. 
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505 Summary 
Under the influence of a stress raiser at least as severe as a 1/4~ 
in. drilled hole) the type of fracture was a fairly accurate indication of 
the relative magnitude of the amount of energy absorbed by the steel up to 
the time of failure. 
With similar stress raisers) specimens with flame-cut edges gave Te-
sults similar to those vlith machined edges and indicated the same transition 
temperature. 
The severity of a rectangular notch of width "wit was found to be 
comparable to that of a circular notch with a radius "rtl where rand w were 
approximately equal. This is based on the similarity of results from spec-
imens with a hacksaw-cut (Oo038-in. width) and a No. 47 drill hole (Oo078-ino 
diameter)) and greater severity of a jeweler's saw-cut (O.014-ino width) as 
compared to a No. 62 drill hole (O.038-in. diameter). 
In a shear type fracture) the amount of energy absorbed was relative-
ly unaffected by a notch that was sharper than a 1/4"-ino drilled hole. In a 
cleavage fracture) however) the amount of energy absorbed was always affected 
by the severity of the stress raiser. 
Test results obtained from specimens with a l5/16-in. diameter 
punched hole stress raiser correspond with results from specimens with 
hacksavl-cut stress raisers. 
The appearance of a cleavage fracture did not indicate a complete 
lack of plastic flow. The amount of plastic flow which occurred depended 
upon the severity of the stress raiser) being several times greater for 
specimens with a 15/l6-in. diameter drilled hole stress raiser than for 
those with a jeweler's saw-cut. 
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Change in fracture appearance, as an indication of transition temp-
erature, is not always a dependable criterion for evaluating the behavior of 
steel at low temperatures. The transition temperatures determined by fracture 
appearance may differ greatly from the transition temperatures determined from 
the amount of energy absorbed. It is this latter transition temperature which 
is of more significance to the structural engineer. 
6. Studies by E. I. Benmuvhar 
6.1 General 
This group consisted of static tension tests on round specimens 
notched in such a way that practically all of the energy required to break 
them was absorbed in the region of the notch. The object of this investi-
gation was to determine the general behavior of these notched specimens 
under static tensile load with respect to their transition temperature ranges, 
energy absorbing capacity, deformations. and ultimate strengths and to compare 
the results with other' related work .. 
6.2 Specimen and Testing Details 
The details of the specimen are shown in Fig .. 601. They were cut, 
with their axis parallel to the direction of rolling, from 3/4-in. plates 
of semi-killed steel A, semi-killed steel C, killed steel Dr, killed and 
normalized steel Dn, rimmed steel E, rimmed Steel R, and killed steel K. 
In all cases, the notches in these specimens were at least 3 in. from the 
sheared or flame-cut edges of the plate. 
A 30,000-lb Riehle screw-type testing machine was used for the 
tests conducted at temperatures from +80 to -90 deg. F and a 120,000-lb 
Baldwin hydraulic testing machine was used for the tests from -90 to -321 
deg. F. In all tests, the speed of the load application was approximately 
0.006 in. per min. 
1 
.1 
23 
To obtain the temperatures required for these tests) several coolinc 
systems were used. For specimen temperatures between +80 and -90 deg. F a 
mixture of commercial solvent cooled with dry ice was circulated in a cooling 
tank in which the specimen \-las immersed. For spec:L"1len temperatures betw'een 
-90 and -230 deg. F, the specimen was immersed in a well-insulated taru~ of 
liquid freon) which was cooled by circulating liquid nitrogen through a 
copper coil immersed in the liquid. The liquid nitrogen was supplied from a 
De"l.,rar flask in which gaseous nitrogen exerted pressure on the surface of the 
liquid, forcing it up through a copper tube into the cooling coil. Specimens 
were tested at -321 deg. F by direct immersiop in a bath of liquid nitrogen. 
The details of these methods of testing have been reported previously (10).* 
To measure strain over a 2-in. gage length) an extensometer with 
two insulated mechanical dials was mounted on the specimen. The temperature 
of the specimen was measured with a thermocouple placed in the notch and was 
taken as the average value measured as the maximum load was attained. 
6.3 Results of Tests 
The results of these tests are given in Table 6.1 to 6.7 inclusive 
for steels A, C, Dr, Dn, E, R, and K respectively. Load-strain curves were 
drawn for all specimens tested and typical diagrams are sho\.,rn in Fig. 6.2. 
In general) load-strain curves were similar to curves (a)) (b), and (c), 
for testing temperatures above, within, and below the transition temperature 
range, respectively. The area under these diagrams provided the absorbing 
energy listed in the tables. Part of the elongation measured over the 2-in. 
gage is not actual strain over the notch but rather elastic elongation in the 
* Numbers in parentheses refer to items listed in Section 3, Summary of 
"Reports and Theses. 
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gross section and this ,\-Tould be most significant in tests where the total 
elongation is smallc 
Comparisons of testing temperature with percent reduction of area, 
elongation in 2 in.) and absorbed energy are shown in Figs. 6.3, 6c4, and 
6.5, respectivelyc In general, these variables follow a similar pattern 
" 
1 
for each steel testedo With this type of specimen, a fairly wide transition 
temperature range was indicated for each of the steels, except for steel Dr. 
steel Dn, -which had practically the same chemical composition as steel Dr but 
which bad been normalized at the rolling mill, shows an improved behavior. 
Mean values for these transition temperature ranges were estimated as 
approximately -110 deg. F for steels E, C, and R; -30 deg. F for steels A 
and K; and -160 deg. F for steels Dr and Dn. These tests classify the pro-
ject steels in about the same relative order as the Wide Plate Tests dido 
However, the temperatures are considerably below those obt~ined in the Wide-
Plate Testso 
The ultimate strengths of all of the steels, as shown in Fig. 6.6, 
increased with decreaSing temperatures down to about -230 deg. F. Further 
reduction in temperature resulted in an increased strength for only the =-; 
killed steels K, Dr, and Dn. Rimmed steel E shows the least increase in 
strength with decreasing temperature. 
6.4 Summary 
Transition temperature ranges determined from tests of specimens 
of this type were quite broad and very low, but followed a sequence similar 
to the Wide Plate Test results. In general, the rimmed steels had the 
highest transition temperature range and the killed steels had the lowest 
range. In these tests, semi-killed' steel C exhibited a transition tempera-
ture range of about 20 deg. F higher than that of semi-killed steel A, 
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similar to the difference observed in theWide-Pl"ate Tests. In these tests, 
only specimens made of killed steel ,increased in strength as the testing 
temperature was decreased to -321 deg. F. 
7~ Studies by P. No Randall 
7.1 General 
Numerous static tension tests had been made on small, notched bars) 
most of which were full plate thickness, about 1 1/2 to 3-ino wide, and were 
either edge-notched or contained an internal stress raiser consisting of a 
transverse slot terminating in a saw-cut. The unit strength of the narrow 
specimens was approximately equal to the coupon ultimate strength of the 
material whereas the strength of the Wide-Plate Specimens was approximately 
equal to the yield point of the plate material at the testing temperature. 
In general, the transition temperature of the narrow specimens was thirty 
degrees lower than that of the Wide Plate" Specimens. 
The following group of tests was planned to investigate the dif-
ferences in behavior of the small scale specimens and the Wide-Plate Spec-
imenso To determine whether differences in specimen size produced the 
differences in strength and ductility, a size-effect series of tests in 
both rimmed and killed steels, using four sizes of geometrically similar 
specimens, was conducted. To determine whether the differences in behavior 
were related to the characteristic shape of the stress-strain curve of 
structural steel and to the mru1ner of propagation of plastic strain from 
the stress raiser into the adjoining plate material, three groups of tests 
of l2-in. wide specimens, which had been prestrained through the yield point 
elongation before being notched, were conducted .. 
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Description of Tests and Presentation of Results 
.... 
7.201 General Testing Methods and Detailso TI1e various testing 
teLlperatures were obtained by imrnersing the test section of the specimen in 
a tank of liquid which, for tests belm1 room temperature, was a commercial 
solvent cooled by the addition of dry ice and, for tests sbove room tempera-
ture" water wss heated by stearn. The temperature of the specimen was mea-
sured with a thermocouple soldered to the outer edge of the specimen at the 
net section 0 Check readings were taken 1-1i th a thermometer ilmnersed in the 
liquid bath. The temperature of the test recorded for each specimen was the 
average thermocouple reading just prior to and at the maximum load. 
The energy absorbed by each specimen was determined by measuring 
the area under the nominal stress-elongation curve 0 Elongations were mea-
sured by various tJ~es of extensometers which will be described later for 
each group of tests. Because the net area was one-half the gross area for 
all except the prestrained specimens" plastic deformation occurred only in 
the vicll1ity of the stress raiser. Gage lengths were made to span the entire 
plastically-deformed region and values of absorbed energy obtained from these 
readings may be considered as the total energy expended in deformation of 
the specimens. 
The transition temperature for a group of specimens was the tempera-
ture at which the total absorbed energy changed from a fairly consistent high 
value for specimens failing by shear to a fairly consistent low value for 
specimens failing by cleavage. These series of tests include a limited 
number o~ specimens and it must be recognized that data from subsequent 
tests of similar specimens vTOuld not be necessarily in absolute agreement, 
particularly in the transition rangeo The total absorbed energy was mea-
sured as that absorbed before maximum load plus that absorbed after maximum, 
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signi~ing the best readily obtainable measure of the energy required to 
initiate and propagate the fracture 0 In general) only the energy absorbed 
after the maximum load was influenced by changing temperature, being quite 
large for shear fractures and very small for cleavage fractures. All speci-
mens except the prestrained plates Vlere polished to reveal the Luders' band, 
which indicated the extent of plastic deformation and gave sufficient in-
formation to permit the measurement of the volume of metal which had under-
gone plastic deformation. 
7.202 Relative Severity of Internal Stress Raiserso A 2 1/4-L~. 
wide by 3/4-in. thick pin-connected specimen) shown in Fig. 701) was used 
for these testso All specimens were cut from the same 2 1/2 by 3/4-in. bar 
of killed steel K which had been normalized at 1650 deg. F for 45 minutes 
prior to the introduction of the stress raiser. The test section of each 
specimen was draw filed and polished to reveal the Luders 9 band I,;hich would 
indicate a region which had undergone plastic deformation 0 Standard AS~l 
Oo505-in. diameter specimen tensile test data are given in Table 7.1 for this 
Iaaterial. 
The specimens vlere tested in a 200, OOO~lb Riehle testing machine) 
and the elongation of the specimen was measured with an extensometer con-
sisting of a strip of flat spring steel which was flexed by the relative 
movement of the gage points. Readings from SR-4 electric strain gages, 
"Hhich were mounted on each face of the strip) wate~roofed and protected 
from the solvent bath by a plastic sleeve) were converted to values of 
specLuen elongation by a calibration curve. 
For specimens tested at room temperature) the load was released 
and photographs were taken at the first appearance of Luders 9 ba~ds and at 
the instant the first crack appeared. 
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The principal data obtained in each of the tests are summarized in 
Table 702. Stress-elongation curves for Series A specimens are shown in 
1f 
Figo 7.2G and are typical for those obtained for specimens in this group of 
tests. The variations of absorbed energy, ultimate strength, total absorbed 
energy per cubiC inch of deformed volume, final elongation and percent re-
duction of area with changes in testing temperature for the four groups of 
specimens are shown in Figse 7.3, 7.4, and 705. In general, specimens with 
the most severe stress raiser (the jewelers saw-cut) exhibited the lowest 
strength, ductility and absorbed energy. Photographs of the fractures and of 
the regions of the specimens which underwent plastic deformation are shown 
The purposes of these tests were to determine the effect of the 
shape of the bottom of the stress raiser and also to evaluate the relative 
severity of four different stress raisers in specimens of this type 0 It 
can be seen in Table 702 and in Fig. 7.3 that the absorbed energy for the 
Series C specimens dropped sharply to a relatively low value while that for 
Ser'les B specimens declined gradually and did not reach a comparable value 
until a temperature some 20 dego F lower was reached. :Therefore, insofar 
as absorbed energy is concerned, the square-bottom stress raiser of Series B 
(Oo038-ino wide hacksaw cut) was generally less severe than the round-bottom 
stress raiser of Series C (0.038-in. diameter drill hole)o It should be 
not.ed that Series B and D, which had the least severe stress raisers, con-
tained specimens exhibiting intermediate energy values in the transition 
range, resulting from the occurrence of mixed fractures. 
70203 Size-Effect Series. Static tension tests were conducted 
on four series of geometrically similar specimens whose"" dimensions varied 
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in the proportion of 1, 2, 3, and 5. The details of the test specimen, made 
of rimmed steel R and killed steel K, are given in Figs. 7.7 and 7.8. The 
stress raisers were transverse slots ending in small drilled holes) the 
diameters of which conformed to the geometrical proportions of the specimen. 
The 1/4-in. thick specimens were cut frOTIl a 1/4 by 2 1/2-in. bar 
while the 1/2-in., 3/4-in., and 1 1/2-in. specimens were flame-cut from large 
plates of those thicknesses. In all cases the axis of the specimen was made 
parallel to the direction of rolling of the plate. Since the previous cool-
ing rates of the bars and plates used for the various sizes of specimens dif-
fered, the specimens were normalized at 1650 deg. F for a total of 2 hours 
time in a furnace in bundles of similar cross-section, approximately la-in. 
wide by 1 3/4-in. thick &~d in lengths varying from 10 in. for the 1/4-in. 
specDnen to 24 in. for the 1 1/4-in. specimens. It was felt that this method 
of normalizing produced substatially equal cooling rates for all material. 
Tensile test data were obtained from Standard ASTM 1 1/2-in. wide rectangular 
specimens cut from the four thicknesses of heat-treated material of each 
steel and are shown in Tables 7.3 and 7.4. 
An examination of the microstructure of the killed steel plate of 
all four thicknesses indicated banding parallel to the plane of the plate, 
parallel and normal to the direction of rolling. Banding was less pro-
nounced near the surface of the plates; otherwise, there appeared to be 
uniformity across the thickness of the plates. All plates were fine grained. 
An examination of the microstructure of the rimmed steel plates 
indicated banding in the longitudinal direction in all sizes of materials. 
Etching a section of the 1 1/4-in. plate revealed a gross lack of ~iformity 
across the thickness of the plate. Ferrite grain size in the 3/4-in. plate 
30 
and the 1 1/4-in. 'plate Vias uniformly small. The presence of mixed grain 
size in the 1/2 -in 0 plate and .the 1/4 -in. bar indicated that coarsening of 
the austenite grain had begun to take place at the normalizing temperature. 
A 30,OOO-lb Riehle testing machine was used for the 1/4-in. 
specimens, a 200,OOO~b Riehle testing machine for the 1/2-in. and 3/4~in. 
thick specimens, and a 600,000-lb Riehle testing machine for the 1 1/4-ino 
thick specimens. The extensometer for the 1/4-ino specimens was the same as 
that described in Section 702.20 The extensometer for the 1/2, 3/4, and 
1 1/4-in. specimens used a Federal indicator reading to 00001 in. 
The cooling tank for the 1/4-in. specimens was the same as that 
used for the tear-tests described in the next sectiono For the 1/2 and 3/4-
ino spec~ens a canvas bag, lined with a plastic material, was used for the 
cooling tank 0 The cooling tank for the 1 1/4-ino specimen was made of copper 
and was clamped to two 4-in. channels which in turn were clamped against the 
specimen with fill pieces and leather gaskets inserted to prevent leakagec 
These test set-ups are shown in Figo 7e9. 
The data obtained in these tests are given in Tables 7.5 and 7.6. 
Typical stress-elongation curves for the killed and rimmed steel specimens 
in Series F are shown in Fig~ 7.10. The variation of total absorbed energy 
and total absorbed energy per cubic ino of deformed volume with changes in 
temperature are shown in Figs. 7.11 to 70130 No values of deformed volume 
were obtained for the 1/4-in. specimens of rimmed steel since no Luders i 
bands were visible; no explanation for this behavior was found. The vari-
ation of ultimate strength with testing temperature throughout the series 
Except for Series E the results show, for specimens of correspond-
ing size, that those of rimmed steel exhibit transition temperatures 
t--_, 
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approximately 60 degrees higher than those of killed steel. Also, except for 
rimmed steel specimens of Series E, the transition temperature rises regularly 
as the specimen thickness increases. In general" thicker .specimens exhibit 
increasingly more total absorbed energy. However, as can be seen in Figs. 
7012 and 7.13, the total absorbed energy per unit of deformed volume is pro-
portionately somewhat lower for the thicker specimens. This occurs because 
the relative elongation of the larger specimens was smaller and hence the 
deformed volume was less. Tne ultimate stresses of the killed steel specimens 
were greater than those of the rimmed steel specimens and each group decreased 
about 20 percent as the specimen thickness varied from 1/4 to 1 1/4 inc 
7.2.4 Tear-Tests of Material of the Size-Effect Series. The pur-
pose of these tests was to compare the ductility of the materials used for 
the size-effect series. Although tensile test data had been obtained, a 
more severe test, using a notched specimen, was considered desirable. These 
specimens were similar to Kahn tear-test specimens, but were of the size 
shovill in Figc 7.15. Continuity in the test results was provided by testing 
both sizes of tear-test specimens from 1/2-in. plate material. This permitted 
a comparison of the ductility, as measured by transition temperature, of the 
plates of all four thicknesses used in the size-effect serieso The materials 
for these tests were cut from the same plates and bars, and heat treated in 
the same way as those for the size-effect series. The principal data taken 
during each test were the temperature of the specimen and an autographic 
record of loadvs. deformation. 
The transition temperature ~ange was determined in these tests by 
plotting values of energy absorbed after maximum load against testing temp-
erature. These curves are shown in Fig. 7.16 for the killed steel and in 
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Figo 7017 for the rimmed steelo Intermediate energy values, particularly for 
the 3/16-ino specimens) were attributed to the presence of mixed fractures. 
70205 Tests of Prestrained-Plates~ The purpose of these tests was 
to study the importance of the yield point, and the nature of the deformation 
which produces the yield point elongation) in determining the strength and 
transition temperature of Wide Plate Specimenso This was accomplished by 
testing a number of specimens in Which the yield point phenomena had been 
temporarily removed by prestraining, and-comparing these results with those 
of the as-rolled material (obtained in the wide plate inyestigation at the 
University of Illinois) 0 
The specimens, 3/4-ino thick by 11 1/2~in. wide, contained a trans-
verse slot which ended in a jewelers saw-cut across the middle quarter of the 
spec~lleno A sketch of the test section of this specimen is shown in Fig. 7.18. 
The testing equipment for the prestrained specimens was the same as 
that described in Section 7.2.3, for the 1 1/4~in. specimens of the size-effect 
seriesc Four specimens of killed steel D were prestrained 203 percent before 
being notched and tested to failure. Typical stress-strain curves for both 
the as-rolled and prestrained materials are shown in Fig. 7.l9j the mechanical 
pro:gJ~rties are given in Table 707 for O.505-in. diameter tensile coupons. To 
minimize the possibility of aging, a maximum of 6 hours elapsed bet.ween pre-
straining and testing of the specimens. 
Four specimens of rimmed steel E were prestrained 2.7 percent 
before being notched and tested to failure 0 In this case the specimens were 
prestrained and notched, held overnight at a temperature somewhat below 
freezing, and tested the following day. A comparison of the test results 
obtained at room temperature for a specimen treated in this manner with one 
I; 
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tested within 6 hours after prestraining indicated no significant difference 
in behavior. To determine the effect of full aging, a series of 5 specimens 
of rimmed steel E were prestraL~ed 3.0 percent and subsequently aged in a 
steam bath at 210 deg. F for two hours. ~JPical stress-strain curves for 
coupons from the as-rolled, prestrained, and prestTained~and-aged materials 
are shown in Fig. 7.19; the mechanical properties are summarized ~n Table 7.7. 
For both killed and rimmed steel, it can be seen that shifting the origin of 
the stress-strain curve for the prestrained material an amount equal to the 
degree of prestraining will approximately superimpose it upon the curve for 
the as-rolled material. For the prestrained and aged material, the yield 
point elongation was returned. 
The data obtained in the tests of the previously described spec-
imens are summarized in Table 708~ T.ypical stress-elongation curves for a 
specimen failing by shear and for one failing by cleavage are shown in 
Figo 7.20 for killed steel D in the as-rolled and·'-]?restrained conditions and 
for rimmed steel E in the as-rolled, prestrained, and prestrained-and-aged 
conditions. The data for specimens in the as-rolled condition were taken 
from the results of the Wide-Plate Program at lllinois. The variation of 
total absorbed energy, final elongation,. and ultimate stress with testing 
temperature is shown in Fig. 7021 for killed steel D and rimmed steel E in 
each of the aforementioned conditions. 
703 Summa;Y of the Strength Features of the Tests 
The basis for the interpretation of the strength features of the 
tests in this investigation, as well as certain previous tests, vas the 
development of an analysis for the strength of internally notched tensile 
specDnens made of structural steel. This was developed qualitatively from 
a knowledge of the stress-strain behavior of the material and from the extent 
of plastic deformation in both narrow and Wide Plate Spec:i:menS. Data from 
the wide-plate investigation at Illinois substantiated the analysis and gave 
it a more quantitative basis. 
The strength of a Wide Plate Spec:iInen was analyzed by dividing in-
to a number of equal-width longitudinal strips and developing a load elonga-
tion curve for each strip. The basic assumption was made (Parker has stated 
that this was true for the specimens tested in the wide-plate investigation 
at California) that the behavior of the strip adjacent to the end of the 
stress raiser was unaffected by a change in the number of strips adjoining ito 
Assuming this approach to be approximately correct) the effect of an increase 
in the width of the specimen was studied by considering the effect of adding 
a number of longitudinal elements at each edge of the specimeno Similarly, 
the effect of a change in the severity of the stress raiser was studied by 
considering its effect on the load-elongation curve of the strip adjacent to 
the end of the stress raiser and also its effect on the elongation to maximum 
load for both shear and cleavage fractures. 
The following predictions, based on the analysis, agreed quite well 
with certain trends shown by the test results of this and previous invest-
igations~ 
(a) The unit strength of specimens which fail by shear at a given 
temperature will decrease as the specimen width increases~ fram values 
approximately equal to the coupon ultimate strength of the plate material 
(at the test temperature) for narrow specimens, to values approximately 
equal to the yield point of the plate material for wide specimens 0 The value 
of the yield point at the test temperature may be considered to be the lower 
limit for strength values, provided the specimen fails with a shear fracture. 
;. , 
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(b) The strength of specimens which fail by cleavage will also 
decrease as specimen width increases. For narrow specimens the strength 
of those which fail by cleavage will not differ markedly from the strength 
of those which fail by shear 0 For wide specimens, hOv7ever, the strength of 
those which fail by cleavage might be somewhat below the yield point of the 
plate material at the test temperature. The strength is dependent upon the 
elongation to fracture, and hence, upon the severity of the stress raiser~ 
It is not safe to assume that the yield point serves as the lO"Her limit of 
strength for wide specimens which fail by cleavage because the maximum 
severity that a stress raiser may have in an actual structure is not knovffi. 
(c) The tests on 12-in. wide plates, which had been prestrained 
to reduce the yield point phenomenon, indicated that prestraining 203 per-
cent had improved the strength of killed steel D specimens which failed by 
shear about 8 percent ~d those which failed by cleavage about 24 percent. 
TIle prestraining of this material increased the yield strength about 28 per-
centc In rimmed steel E, prestraining increased the strength of specimens 
which failed by shear about 3 percent and those which failed by cleavage 
about 23 percento Prestr.aining increased the yield strength of this material 
about 47 percento 
In rimmed steel E, prestraining 3 percent followed by aging 
improved the strength of specimens failing in shear about 10 percent and 
those which failed by cleavage about 36 percentc Prestraining 3 percent 
and aging increased the yield strength of this material about 88 percent. 
Aging caused a return of a yield-point phenomenon. However, the yield and 
ultimate strengths of the prestrained and aged specimens were definitely 
higher than those of the specimens which were only prestrained, indicating 
that the specimen strength was more dependent upon the yield strength of the 
material than upon the exact stress-strain curve in the early plastic range. 
Cd) In the size-effect study of this investigation) the strength 
increased from 2000 to 3000 psi with each decrease in size from 1 l/4-in. 
to 3/4-in. to l/2-in. to l/4-iDo thick. This was partially) but not completely 
explained by differences in coupon ultimate strength of the materials of dif-
ferent thicknesses. It was also found that the relative elongation to max-
imum load (elongations for 1/4-ino specimens divided by 1) those for 1/2-in. 
specimens by 2) those for 3/4-in. specimens by 3 and those for 1 1/4-in. 
specimens by 5) was greater for smaller specimens. This variation in 
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elongation produced a greater degree of strain hardening in small specimens 
and resulted in greater strength. The results of this study seem to indicate 
that the observed size-effect in the strength of the four sizes of specimens 
was the result of differences in the coupon ultimate strength of the materials 
and of a size-effect in the values of relative elongation to maximum load. 
704 Summary of the Ductility Features of the Tests 
In tensile tests of mild steel, a change in test conditions may 
bring about a discontinuous change in the strain to fracture and also bring 
about two mechanisms of fracture, one termed shear, the other cleavage. 
Clea.~ fractures occurred on planes normal to the axis of the spec imen and 
-were characterized by a bright c.rystalline appearance. Shear fractures were 
of two types: on a microscopic scale, the general plane of fracture was 
normal to the axis of the specimen and had a dull, fibrous appearance (in 
specimens which failed with a mixed fracture, the boundary between the region 
of cleavage fracture and the region of shear fracture on a normal plane was 
evident); the other type of shear fracture also had a dull, fibrous appear-
ance, but it occurred on planes inclined at approximately 45 degrees to the 
axis of the specimen. The energy of propagation was practically nil for 
cleavage fractures but relatively large for shear fractures. 
' ••.• J 
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Specimens having a notch geometry which permitted the initial shea: 
crack to be on inclined planes, and of some length, had lOwer transition temp 
eratures and higher energy absorption below the transition than those specimens 
whose notch geometry provided such constraint that the initial shear cracks 
occurred on planes normal to the axis of the specimen. These conclusions are 
borne out by the fact that a round-bottom stress raiser is more severe th~D a 
square-bottomed stress raiser of the same width. 
Correlation between absorbed energy and other measures of ductility 
was made as follows: the relation between absorbed energy (the area under 
the load-elongation curve) and energy factor (the product of the maximum 
stress and the total elongation) for all specimens tested in this investiga-
tion is shown in Fig. 7.220 It can be seen that the ratio of absorbed energy 
to energy factor varied between the extremes of 0.65 and 0.95, (the average 
ratio being 0082) and that, for the types of specimen, used the energy factor 
was consistently related to the absorbed energy. Total elongation may be used 
as a measure of absorbed energy, provided the strength of all specimens is 
substantially the same and the shape o~ all load~elongation curves is similaro 
Reduction of area may be used also as a measure of relative values of absorbed 
energy, but only with reference to specimens which are exactly alikeo 
A study o~ previous data indicated that the transition temperature 
~or all series of specimens having widths from 12 in. to 72 in. were, on the 
average, about 30 deg. F above those transition temperatures which were ob-
tained for 1 1/2 or 2-in. wide specimens which might be used for control 
tests of corresponding steels. In general, all of these specimens had the 
same thickness and the same jeweler's saw-cut stress raiser at the end of a 
transverse slot across the middle one-fourth of the specimen. The width was 
the principal dimension varied, and therefore perfect geometric similarity d~.-'. 
not exist. This may have produced differences in constraint which could 
account for the differences in the transition temperature. 
A marked difference was observed in the extent of plastic deforma-
tion which occurred in the wide and narrow specimens. In the narrow specimen, 
yield point elongation occurred over the entire width of the specimen in the 
vicinity of the notch whereas in the wide specimen the heterogeneous nature of 
the deformation was quite striking. An attempt was made to relate the dif-
ference in transition temperatures of wide and narrow specimens to the dif-
ference in stresses resulting from the heterogeneous nature of the plastic 
deformation found in Wide flate Specimens up to the instant of failure. The 
·data from the tests w~ich were conducted on l2-in. wide plates in which the 
yield point phenomena (the drop in load, the yield point elongation, and the 
heterogeneous deformation which accompanies it) had been eliminated by pre-
straining, indicated that no significant change in transition temperature had 
been produced by this treatment. To check the effect of a large amount of 
aging, a third group of specimens made from rimmed steel E was prestrained 
three percent and then aged to cause a return of the yield point elongation. 
The transition temperature for this group of specimens was about 40 deg. F 
above that of specimens which were not aged. While this "did not prove that 
there was no aging in the other two groups of prestrained specimens, it did 
indicate that comp~ete aging had not occurred. On the basis of these tests, 
it was concluded also that the stresses accompanying the heterogeneous 
deformation in the wide plates were not the primary cause of their higher 
trans i·tioD temperature 0 
The existence of a size-effect in the ductility exhibited by the 
two series of the geometrically similar specimens, (one in a killed steel 
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and one in a rimmed steel) was studied in terms of both trans i tion temperatLL·e 
and absorbed energy. The variation of the transition temperature range with 
specimen size is shown in Fig. 7.23 for the size-effect series L~ both steels. 
For the kUled steel, there was a rather uniform upward trend in transition 
temperature from about -75 deg. F for the 1/4-in. thick specimen to about -2 
deg. F for the 1 1/4-in. specimen. The same trend exists for the three 
largest sizes in rimmed steel, although the -4 deg. F transition temperature 
of the 1/2-in. spec:iJnen seemed abnormally low when conpared with the tra..~si­
tion temperatures for the 3/4-in. and 1 1/4-ino specimens. ~le transition 
temperature for the 1/4-in. specimen is about +19 deg. F, and seems abnormally 
higho The coarse microstructure on the 1/4-in. material may constitute a 
partial explanation for i tshigh transition temperature. The microstructure 
of the material of the 1/2-in. specimens offerred no apparent explanation 
for their abnormally low transition temperature and high ductility. 
An attempt ,·;ras made to gain more information about the ductility 
of the materials of the different sizes of the specimens by means of tear-
tests, using specimens sLuilar to the ones used by Kahn, but of smaller sizeso 
The transition temperature ranges for these tear-tests have also been plotted 
ll} Fig. 7.23. For the killed steel, the trend in transition temperature 
sho1·m by the tear-tests was parallel to that shovln by the 3/4-in. and 1 1/4-
ino size-effect specimens, but the two curves diverged for the 'l/2r-inu 
material. This indicated that the apparent size -effect may have been largely 
due to differences in the material. For the rimmed steel, the transition 
temperature for the 3/8-in. thick tear-test specimens shovTed no size-effect 
for the three largest sizes of the size-effect serieso The trend for 3/l6-in. 
thick tear-test specimens was, however, parallel to that shown by the 1/4-in. 
and 1/2-in. size-effect specimens. This indicates a definite size-effect in 
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the rimmed steel for the three largest sizes only. Three-sixteenths in. teal-
tests specimens of killed steel indicated a transition temperature quite 
opposite to that shown by the size-effect specimen, indicating a large size-
effect in the 1/4-in. and 1/2-in. specimens. These conflicts in results make 
it difficult to draw a general conclusion with regard to the size effect in 
the transition temperature studies for very small specimens. 
Variation of absorbed energy per unit of volume with changes in 
specimen size was also considered to be a measure of the size-effect exhibited 
by the specimens tested in this investigation. The variation of total absorbed 
energy and of energy absorbed before maximum load with changes in specimen 
size are shown in Fig. 7024 for the rimmed and killed steels. The straight 
line drawn for each relationship is felt to be representative of the scattered 
data. The values of the exponents indicate that the absorbed energy varies 
much more nearly as the square of the linear dimension than as the cube, i.e., 
the larger specimens did not absorb energy proportional to their volume. 
This was caused by their failure to undergo amounts of elongation proportional 
to their length. Consequently, there was a definite size-effect in the amount 
of energy absorbed by the specimens of both killed and rimmed steel. 
705 Summary 
The findings of this investigation which may be of most importance 
to the designer concern the strength of wide plates which contain ~tress 
raisers and are loaded axially in tension. A strength analysis was developed 
on the basis of certain phenomena which have been observed in this and in 
previous experimental programs and are as follows: 
(1) The strength of wide plates which failed by cleavage fell 
below the yield point of the material at the test temperature. Wide plates 
yThich failed by shear had strengths which were equal to or greater than the 
yield point of the plate materialo 
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(2) This investigation showed that prestraining or prestraining-
and-aging) both of which raised the yield stress of the plate material 
improved the strength of 12-in ... vide specimens) particularly those ... ,hich 
failed by cleavage. 
(3) Ei ther a..YJ. increase in width of plate or an increase in 
severity of stress raiser produced a decrease in the strength of specimens 
which failed by cleavage. From the strength analysis) further increases in 
width of plate or in severity of stress raiser beyond the present limit of 
tests would appear to produce further decreases in the strength of the specimen 
which failed by cleavage. 
One of the greatest advantages of using internally-notched rec-
tangular specimens for control specimens is their ability to give a sharp 
transition in absorbed energy. However) this will be true only if the stress 
raiser is severe enough to (1) cause a complete change) rather than a gradual 
one in the fracture type) and (2) drop the energy of propagation "-Thich ac-
companies the change in fracture type so that there is a significant drop in 
the total absorbe4 energy. 
The energy factor (ultimate stress multiplied by total elongation) 
may be used to evaluate transition temperature. For all the specimens tested 
in this investigation) the ratio between absorbed energy and energy factor 
varied from the average of 0.82 by not more than 20 percent and usually much 
lesso If the strength of the specimens is constant and all of the load-
elongation curves have the same shape) values of. total elongation may be used 
as a measure of absorbed energy. 
Prestraining l2-in. wide) internally-notched tensile specimens 
through the yield point elongation did not have any appreciable effect on 
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their transition temperatureo Prestraining followed by aging, which caused 
the return of yield point phenomena, raised the transition temperature about 
40 deg. Fo 
Geometrically similar specimens, cut from plates rolled to different 
thicknesses, exhibited a small amolh~t of size-effect in strength. This was 
attributed to the failure of the large specimens to undergo elongation at 
maximum load in proportion to their length. It was further found that the 
larger specimens did not exhibit as much ductility as the smaller specimens 
either as measured by transition temperature or by absorbed energy. With 
the exception of the two larger sizes of specimens of killed steel, the dif-
ferences in transition temperatures could not satisfactorily be explained 
by variations in the ductility of the material, as measured by the tear-tests. 
The energy absorbed by the larger specimens was approximately proportional to 
the area of the net section instead of-to_their volume as might be expected. 
Thus, both properties appear to be affected by changes in specimen size which 
could not be ascribed to differences in the ductility of the material. 
Tear~tests specimens with a 3/l6-ino thick by 1/2-in. wide net 
section were found to be useful as a control test for-thin material, al-
though considerable scatter was evident in the transition fractures. 
Specimens with a 3/8-in. thick by 1/2-in~ wide net section were quite 
satisfactory for the thicker materials. 
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III. AXIAL TENSION IMPACT TESTS 
8. Studic;s by S. J. Errera 
801 General 
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Subsequent to the 1{ide-Plate Investigation) several attempts were 
made to develop small spec imen tests lihich could be correlated with the Wide 
Plate Test results and considered as possible criteria for the selection of 
structural steels. Among the several types used were Charpy V-notch and key-
hole notch tests which classified the steels in the same relative order of 
transition temperature as did the Wide-Plate Tests. These tests "Here followed 
by axial tension notched impact tests. These specimens provided a uniaxial 
tensile stress and a uniform notch which could be varied to any degree of 
stress concentration. From preliminary tests) a standard round specimen 
with a circumferential notch of 0.039-in. radius) a root diameter of 0.294 ino, 
and an overall diameter of 0.625 in. was evolved 0 With this standard spec-
imen) tests were made on several project steels at initial energies of 45, 
110, and 220 ft-lb, with corresponding striking velocities of 8.5, 12.5) 
and 18 ft per sec. Because orily one pendulum bob had been used in these 
tests, the initial energies and strllcing velocities were varied simultaneously 
by changing the initial height of the pendulum 0 Transition temperatures, de-
termined from both energy absorption and reduction in area, increased for 
steels A, Dn) and Dr as the initial energy and striking velocity were in-
creased in these tests • However) the tests had not determined "\'lhich factor 
was effective in raising the transition temperature. 
The object of the following study was to investigate the effect 
of changing either the initial energy or the striking velocity in the axial 
tension impact test while' the other was held constant. In this investigation 
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steels A) C, Dr, Dn, and E were used. For each of these steels a series of 
tests was made (1) at an initial energy of 45 ft-lb ang a striking, velocity 
of 15.5 fps for comparison with previous results at the same energy and 8.5 
fps striking velocity; (2) at an initial energy of 60 ft-lb and a stiking 
velocity 18 fps for comparison with previous results at the same velocity 
and 220 ft-lb initial energy. 
8.2 Description of Tests 
The specimens used in these tests were the standard type (B) de-
veloped and used in the' tests previously reported. A drawing of this spec-
imen is shown in Figc 601. The specimens were cut from 3/4-in. material 
with their longitudinal axis parallel to the direction of rolling. At least 
3 in. was maintained between the notch and any flame-cut or sheared edge. 
The same type of Riehle pendulum-type impact testing machine that 
had been used in the earlier tests was used for these testso However) the 
later machine was equipped with two pendulum bobs and two release positionso 
The two release positions provided str.iking velocities of 1207 and 18 fps 
for the bob. From these two release positions, the light (Dow metal) bob 
gave initial energies of 30 and 60 f't-lb and the heavy:' (steel) bob gave 
initial energies of 110 and 220 ft-lb. 
The machine was modified by bolting a pair of accurately machined 
semi-circular steel extensionsto the testing machine frame. Holes were 
drilled at positions calculated to give other desired energies or velocities 
so that the regular release mechanism of the machine could be placed at 
these pointso In this manner the machine was modified to provide an initial 
energy of 45 ft-lb and a corresponding striking velocity of 15.5 fps using 
the light bob, and an initial energy of 45! ft-lb with p. corresponding 
striking velocity of 8.5 fps using the heavy bob. These positions are shown 
in Fig. 801. 
Prior to the tests the specimen assembly) consisting of a bushing, 
impact specimen and tup, was placed in a wire mesh basket immersed in a mix-
ture of solvent and dry ice for tests below room temperature and a mixture 
of steam and water for tests above room temperature. After submerged in 
the bath for ten to fifteen minutes, the assembly was removed from the bath, 
scre"Vied into the bob) and broken 25 seconds after removal from the bath. The 
temperature change occurring during this 25 second interval was determined 
previously from calibration tests of a specimen with a thermocouple fixed at 
the root of the notch. This chffi1ge was ver~y consistent for each testing 
temperature and varied from one to four degrees over the range of temperatures 
used. The specimens, therefore, "Here immersed in a bath "Hhich was held the 
proper amount above or below the desired test temperature. A dummy specimen 
with an attached thermocouple was placed in the bath to provide a temperature 
record in each case. 
As in previous tests, the impact energy absorbed by each specimen 
was indicated on the machine. Actually the true absorbed energy is somewhat 
less than this value since this method does not account for friction losses 
(which are very small) or internal losses in the machine due to the impact 
which being partly a function of the energy absorbed by the specimen, may 
vary somevlhat. The original and final diameters of the specimen at the notched 
section were measured on a comparator to provide percent reduction of area 
irif'ormation. 
803 Results of Tests 
The results of these tests are given in Tables 8.1 to 8.5 for the 
various steels usedo In the data for steel E, Dr, and Dn, some specimens 
are noted to have been tested with Li~1t Bob 1. After 65 tests had been made 
vli th the first light bob, referred to as Light Bob I, the threads which held 
the bushing failed. The reliability of the last 18 tests was extremely doubt-
ful ~Dd hence none of them is reported. Some of the others may be 4uest~on-
able; they have been included in the tabulated data and marked accordingly. 
The pendulum bob was repaired and then referred to as Light Bob 2. 
The results of these tests, at 45 ft-lb 15.5 fps and 60 ft-lb 18 fps, 
have been :plotted together with the results of earlier tests, 45 ft-lb 8.5 fps, 
110 ft-lb 12.5 fps and 220 ft-lb 18 fps, in Fig. 8.2 for steel E, in Fig. 8.3 
for steel D~ in Fig. 8.4 for steel Dn, in Fig. 8.5 for steel A, and in Fig. 
8.6 for steel Co 
Since this series of tests was conducted on a different machine than 
the earlier tests, a duplicate set of tests was run at 45 ft-lb initial energy-
805 fps on steels Dr and Dn. As ShOWll Di Figs. 8.3 and 8.4, the trRnsition 
temperature, reduction of area, and absorbed impact energy are about the same 
for -both series. 
For some of the steels) results of tests conducted with both pen-
dulum bobs are available. As a basis for the discussion of the test results 
it seems advisable to consider first the difference in results produced by 
the tl{O light pendulum bobs used. With steels E and Dn, for which a suf-
ficient 81Tlount of data is available for comparison of behavior, Light Bob 2 
produced a slightly higher transition temperature, as shown in Figs. 8.2 
and 803. Higher :indicated absorbed energy at temperatures above the transi-
tion and the fact that specimens of steel Dn did not break i.·Then tested above 
20 deg. F with Light Bob 1 (Table 8.3), indicate that Light Bob 1 had higher 
energy losses than Light Bob 2. Therefore, the results obtained with Light 
Bob 2 will be used for most of the comparisons to be made. 
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As indicated in Fig. 8.3 at 45 ft-lb initial energy - 8.5 fps 
striking velocity, the present group of specimens displayed more scatter 
and a somewhat higher transition temperature than the previous tests. In 
the same figure, at 60 ft-lb initial energy - 18 ft per sec striking 
velocity, test results of specimens from three different plates of steel 
Dr are given. It is evident from widely varying results shown that specimens 
of Dr steel from different plates and from different positions in the same 
plate cannot be relied upon to give comparable transition temperatures, 
absorbed energies, or reductions of area. 
The transition temperatures obtained in the tests at a constant 
initial energy of 45 ft-lb are summarized in the following table for the 
two striking velocities: 
45 ft-lbs 45 ft-lbs 
steel 8.5 ft per sec 1505 ft per sec 
E 1200 F 1350 F 
c "liO 115 
A 80 90 
Dn 15 30 
Because there is considerable doubt that the present and previous specimens 
can be compared directly, no conclusions will be drawn for steel Dr. How-
ever, results for the above steels indicate that an increase in striking 
velocity increases the transition temperature slightly. The reduction of 
area curves are very similar for each of the steels at the tvlO velocities. 
Steel A, C, and Dn specimens seem to have slightly greater impact energies 
at the higher velocity. 
A comparison of results for initial energies of 60 and 220 ft-los 
at the common striking Velocity of 18 ft obtained from each 
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figure 0 The d'ifferences in transition temperature obtained in these tests 
for specimens of each of the steels are given in the following table: 
60 ft-lbs 220 ft-lbs 
Steel 18 ft per sec 18 ft per sec 
E 1350 F 1200 F 
C 125 110 
A 100 105 
Dn 40 60 
These results indicate that an increase in initial energy has one effect on 
E and C steels and the reverse effect on Dn steelo All the steels exhibit 
higher absorbed impact energy values for the 60 ft-lb initial energy than 
for the 220 ft-1b initial energy. This is especially true for C) A, and 
Dn steels. 
In the previous work) differences in transition temperatures of 
10 deg. F or less were not regarded as significant. This interpretation is 
also applicable to the present datao Examinations of the test result:s in-
dicate that neither increased initial energy nor increased striking velocity 
was) in itself) sufficient to change the transition temperature significantly) 
for most of the steels tested. Of the steels tested only steel Dn exhibited 
a significant inc-rease in transition temperature when either the initial 
energy or the striking velocity was increasedo This can be best seen in 
the follovling table which summarizes the transition temperature obtained for 
this steel in the various tests. 
striking Velocity} Initial Energy) Pendulmn Trans 0 Temps 0 ) 
:rt per sec ft-lbs Bob deg. F 
8·5 45 Heavy 15 
1207 110 Heavy 30 
15·5 45 Light Bob 2 30 
1801 60 Light Bob 2 40 
1801 220 Heavy 60 
; ,. ~ 
,i 
I 
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From the table it can be seen that the two transition temperatures 
at 18 fps striking velocity are 20 deg. F apart. If the tests are comparable, 
the 20 degree rise must be due to the increase in initial energy. HOvTever, the 
transition temperature for 45 ft-lbs initial energy rose 15 degrees as the 
velocity was increased. 
Perhaps the factor which affects the transition temperature is not 
the velocity or the initial energy as such, but the actual velocity at which 
the fracture occurs. In the tension impact test, the velOCity of the pendulum 
at the beginning of fracture may be considerably different than the velocity 
of the pendulum at the completion of fracture. The striking velocity influences 
the speed at which the fracture begins; the initial energy influences the 
velocity of the pendulum at the end of the fracture period. 
8.4 Summary 
These series of axial tension impact tests classified the project 
steels, in terms of transition temperatures, in the same relative order as 
previous axial tension impact tests and wide plate tests. Within the range 
of initial energies and striking velocities used, only the transition temp-
erature of steel Dn seems to be significantly affected when these variables 
are increased. No definite conclusion is available on the effect of chang-
ing either of these variables. A comparison of the test data from these tests 
and previous tests indicates that the two impactmacilines used gave similar 
results. During these tests, the behavior of steel Dr was found to vary 
considerably from plate to plate and also throughout one particular plate. 
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DI. REPEATED D1PACT AND IMPACT FATIGUE TESTS 
9< Studies by Wo F. Lytle 
901 General 
Although practical experience and basic research have contributed 
significantly to design techniques and fundamental kno'Y71edge of materials; 
there is still very little kn01ID about design for impact 0 Aside from various 
rules incorporated in specifications) there is little basic factual L~formation. 
The field of impact testing may be divided into the following: 
(1) single-impact tests - such as the Charpy, Izod and Tension-
Impact Tests - where one blow produces fracture. These tests have received 
considerable attention and are considered valuable for quality control. 
(2) repeated-impact tests - where fracture is produced by a nwnber 
of blovlS each of which may produce only elastic deformation or some plastic 
deformation. These tests have received little attention and are still much 
in the development stage. 
Several years ago Professor Wo M. Wilson at the University of 
Illinois conceived a machine for conducting repeated impact testso Tne 
machine consisted of a large flywheel mounting a freely swinging hammer 
and tripo With the flywheel in motion the trip could deliver the longitudinal 
blow to the specimen and then rebound 0 
Herein is described the further development of the University of 
Illinois Impact-Fatigue machine; including the replacement and re-design of 
a tup and a yoke. The tests described are preliminary repeated-iwpact tests 
of small specimens to determine the proper dimensions of the test specimens. 
The purpose of this program was to (1) improve the design of the 
Impact-Fatigue machine, and (2) to investigate testing procedure and types 
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of test specimens so that basic information could be obtained on behavior in 
repeated-impact and impact-fatigue tests. 
9.2 Development of Impact-Fatigue Nachine 
The impact-fatigue machine is Shovffi in Figs. 9.1 and 9.2. The 
machine consisted of two 3-ft diameter steel discs mounted on a shaft sup-
ported by two l5-in. channels. The impact blow was produced by a tup mOlli~ted 
between the discs. The tup was held in place by a retraction stop until the 
machine reached operating speed, at which point the operator tripped the 
mechanism, releasing the retraction stop and allowing the tup to deliver an 
impact blow to the specimen. After delivering an impact blow, the tup flevl 
back, hit the rebound stop a.."rJ.d was held by a 1atch, which prevented another 
blow. To deliver the next blow, the machine had to be stopped and the tup 
cocked so that it was restrained only by the retraction stop_ 
The major problem with the operation of this machine was the mechan-
ical failure of the tup. The first tup, made of tool steel, deformed plastic-
ally so that it was no longer useful. The second tup, made of 24-ST aluminum, 
fractured in fatigue at a constricted section. The tup in the machine, when 
this series of tests was undertaken, was made of structural steel. Holes 
were drilled in the web to reduce the weight to 4.5 Ibs. After the 
Series A tests had been completed, this structural steel tup fractured in 
the '\-reb, as shown in Fig. 9.3. 
These failures indicated that stress concentration should be avoided 
as much as possible in the tup design. Another tup, similar to the last one, 
was constructed of SAE 4340 molybdenum steel. This tup had a reinforced sec-
tion ~ound the l/2-in. hole to reduce the high shearing stresses and no holes 
were drilled in the web, as shown in Fig. 9.4. This tup was designed with 
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the center of percussion on the same line as the line of action of the strli: 
ing force, so that the force on the axis of rotation was zero. This resulteL 
in a tup which 'weighed 5 ° 74-1bs o. The details of this tup design are given in 
the original thesis (27). 
The tup strikes the pad at the bottom of the yoke which carries 
the impact blo'Vl from the tup into the spec:imen. The first yoke (weight of 
2.87 Ib) lasted until the final specimen of the second series of specimens 
(Series B) was tested, at which time there was a crack through the bottom 
of the yoke where the pad was located. The pad was made of hardened steel 
and inserted in the hole in the bottom of the yoke. 
The ne'Vl yoke (weight of 3.35 lb) was made of ordinary structural 
steel~ However, the bottom was made in one piece, on which a tough wearing 
surface of stainless steel was welded. This eliminated the stress concentra-
tion at the drilled hole present· in the previous yoke" In addition, all cor-
ners were filleted to relieve possible stress concentrations. 
903' Testing Program 
The detailed procedure followed in operating this impact machine 
and carrying out the tests in this program is given in the original thesis 
(27) 0 
The specimens .used in this program were all taken.from I-in. dia-
meter round stock and turned down on a lathe to the proper dimensionso Dur-
ing machining the specimens .were turned slowly and cut lightly to eliminate 
the effects of excessive heating. The dimensions of Types A and B impact 
specimens are shown in Fig. 9.5. The static specimens·have the same 
dimensions over the test length and were made with pulling heads that 
fitted the static testing machines. Al/4-in. long reduced section (.005-
in. smaller diameter) was added to Type B specimens to eliminate breaks 
.:- .. ~ 
- I 
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in the transition section. The specimens were made from rimmed steel R and 
killed steel Ko The mechanical properties of these steels as determined from 
tests of standard ASTlv1 tensile coupons are: 
Property 
Yield Strength, psi 
Ultimate Strength) psi 
Elongation) percent 
Reduction of Area) percent 
Killed Steel 
39,600 
61,000 
34.5 
64.6 
Rimmed Steel 
40,700 
63)100 
3209 
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Gage length a~d di&ueter measurements were taken before and after 
the tests on both impact and static specimens. The elongation was measured 
on, both sides of the specimen between the gage holes on the shoulders after 
every blow for 3/16-in. diameter specimens and after every four bl01.Js for 
the 5/16=ino diameter specimens of Series A Rnd B~ In Series C tests 
elongations were taken before and after the test only. Diameter measurements 
'Here taken before and after the test at the center of the specimens for 
Series A) at the bottom, center) and top of the cylindrical section for Series 
B and at selected locations along the test section for Series C specimens. 
Since the mechanical strain gage measurements, taken between the 
shoulders of the specimen, did not give the true elongation of'the cylindri-
cal section of the specimen nor show the distribution of elongation over the 
length of the specimen, the following method was used. The specimens '.Jere 
coated with a thin layer of rubber cement and allowed to dry. Dots of 
ordinary ink were placed on top of the rubber cement layer at intervals of 
1/4 in. on the cylindrical section and 1/8 in. on the transition section. 
The spec imen was placed on a rack and viewed through an optical tube and eye 
piece. The eye piece could be moved along a threaded bar and its movement 
measured by an Ames dial. n1e distance between the ink dots on the specimen 
was read before and after the test to determine the distribution of 
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elongation. The success of this method depended upon the care with which the 
specimens were handled and the adhesion of the rubber cement to the specimen 
throughout the test. Occasionally the rubber cement layer tore loose in the 
process of fracturing. The accuracy of the method was about 3 percent on 
the 1/8~in. gage length and 1.5 percent on the 1/4-in. gage length. 
9.4 Results of Tests 
Tests of Series A were conducted with a tup weighing 4.5 Ib on 
Type A spec:imens. The results of these tests are given in Table 9.1. Frac-
ture did not occur in the transition section of the 3/16-ino diameter specimens 
with a 4-in. sage. length) indic·ating that a 3/8-in .. radius of curvature was 
satisfactory for these specimens but not for the other cases. The two types 
of specimens tested in this series had 2.5-in. and 5- in. long cylindrical 
sections) giving a ratio-of volumes of 2 to 1. The ratio of blows to failure, 
however, was always slightly greater than the ratio of volumeso In these 
test~, values of elongation and especially reduction of area were lower for 
the rimmed steel. 
Tests of Series B were conducted with a tup weighing 5.74 lb on 
TYPe B specimens. The results of these tests) shown in Table 9.2) indicated 
that a radius of curvature of 7/8 in. was suitable for specimens up to 5/16-
in. diameter.. In these tests the two cylindrical lengths of specimens ,",ere 
2.19 and 4.38 in., and although the ratio of volumes was 2 to 1, the ratio 
of blows to failure was approximately 1.5 to 1. Here again, values of 
elongation and reduction of area were generally lower for the rimmed steel 
specimens. 
In the Series C tests (Table 9.3) three of the four specimens that 
broke in the transition section were 7/16 in. in diameter) indicating that 
the 7/8-ino radius of curvature was satisfactory for specimens up to 3/8-ino 
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diameter. For these tests, in which the gage length 107as fairly constant, 
the number of blows to failure increased in a regular manner for the 3/16-, 
1/4, and 5/16 ... in. diameter spec:iLlens. When plotted against volume in cubic 
inclles) these data lay on a straight line. However, the values for 3/8- and 
7/l6-in. diameter specimens were considerably above an extrapolation-of this 
straight line. 
The energy per bl0107 of Series C specimens 107as computed assuming (1) 
that the area under a load-elongation curve is directly proportional to the 
percent elongation after failure, and (2) the ult:i.m.ate and yield strength of 
a specimen in a static test are similar to the ultimate and yield strength i..."'1 
a low velocity impact test. Values of energy, determined from static test 
load-elongation curves, were converted to an average energy per unit of volume 
for similar static specimens. The static energy value per unit of volume was 
converted to an impact energy value by the ratio of static elongation to impact 
elongation. This value of impact energy per unit of volume was multiplied by 
the deformed volume to give the total impact energy and this total was divided 
by the number of blows to failure to o~tain an average energy per blow, as 
ShO"\ID in Table 9.4. The calculated values of energy per blow range from 120 
to 160 in. -10 for specimens up to 5/l6-in. diameter. Above the 5/l6--in. 
diameter specimens, the energy per bl0107 value dropped off rapidly to around 
60 in. -10, indicating that there may be an increased energy absorption some-
where in tile testing machine. 
An inspection of Fig. 9.6 .shows that, in genera~, the impact 
specimens exhibit reductions of area throughout their gage length 10mich 
are greater than those measured at cor~esponding locations along the static 
specimen. 
9· 5 Summary 
Because of the failures incurred in various parts of the testing 
machine during the tests) several combinations of tup and yoke were used. 
Consequently) the conclusions from this group of tests are limited. 
For the test conditions used, all the specimens showed a ductile 
type of fracture. The least number of fractures in the transition section 
was obtained with a radius of curvature of 7/8 in. for iJnpact specimens up 
to 3/8-in. diameter. For specimens with the same nominal diameter) the num-
ber of blo~s to failure varied by the approximate ratio of the deformed volume 
of the specimen. In tests of specimens larger than 0.280 in.) there was a 
marked increase in the number of blows to failure) attributed to an increase 
in energy absorbed by the machineo When compared to the s~atic specimen 
results, these impact tests showed an increased elongation and reduction of 
area distributed over the deformed length of the specimen. 
10. Studies by Go K. Sinnamon 
10.1 General 
The main objectives of this phase of the work were to develop the 
Illinois-Impact Fatigue Machine so that specimens could be tested in the 
fatigue range and to study the operational characteristics of the machine. 
This section describes the impact fatigue machine r s further de-
velopment vmich included the design and installation of a variable speed 
drive and new latching system) making it possible to extend iJnpact testing 
into the fatigue range. Also, the investigation of the machine's operation-
al characteristics with an electric strain gage and a strobotac are described. 
Three types of tests, repeated-:impact, repeated-load static, and 
normal static, were performed. The repeated-:impact tests were run at speeas 
.~. 
:.:: ~-' 
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such that both ductile and fatigue fractures occurred. The two types of 
static tests were performed to obtain values for comparison with previously 
performed repeated-impact tests in the plastic range. The load \Vas applied 
and completely released in the repeated-load static tests in increments 
which gave the same permanent elongation per loading as obtained in previously 
performed repeated-impact tests. 
lO.2 Continued Development of the Impact Fatigue Machine 
The tests performed thus far have all been in the ductile fracture 
range; the fatigue tests for which the machine was originally built have not 
been Ieasible. The performance of fatigue tests in this machine necessitated 
(1) a decrease in the amount of energy imparted to the specimen by each blo'Vl, 
and (2) an alteration of the machine so that it could be operated continuously. 
The effective energy delivered to the specimen by each blo"H could 
be decreased by (1) changing the elastic properties of the machine and (2) 
reducing the energy available for each blow by (a) reducing the weight of 
the tup, (b) increasing the size of the specimen, or (c) reducing the 
operating speed. Each possible solution had some disadvantages. 
The use of a lighter tup "Would necess i tate a different tup for 
each impact blow strength desired. Previous tup designs have shown that 
a reduction in tup weight would shorten the distance from the center of 
rotation to the point of impact and this would require undesirable changes 
in other machine parts. It was impossible to increase the specimen diameter 
vli thout changing the weigh bar, yoke, and guides. .A longer spec :imen vlould 
move the entire upper support and a whipping motion) noticed in previous 
tests of long specimens, would undoubtedly increase if longer specimens 1.J"ere 
used. 
A reduction of the operating speed presented the least number of 
difficulties. By installing a variable speed drive, the strength of each 
blow could be adjusted and the test conditions of past investigators could 
be reproduced readily. The variable speed drive system is shown in Fig. 10~1. 
The 3.6-iilo driving sheave shown gave a disc speed range of 60 to 200 rpm. 
Changing the 306-ino sheave to a 201··in. sheave gave a speed range of 35 to 
128 rpm. 
The proposed performance of fatigue tests involving several thousand 
blows per test made the previous methods of operation,-wherein after each 
blow the machine had to be stopped and the tup cocked, unsatisfactoryo A 
ney' latch and trip were designed to work so that the operator could engage 
the tup at any time and deliver as many blows as desiredc Parts subject to 
considerable wear were surfaced with stainless steel weld materialo To 
provide the necessary clearance for the new latch, the original brake shoe 
which completely encircled the brake drum was replaced with one which made 
contact for approximately 1/6 the circumference of the brake drum. Other 
additions to the machine included a revolution counter to determine the 
number of blows delivered and a microswitch to stop the machine when the 
specimen elongated or fractured. During the development, some parts proved 
unable to withstand repeated loadings and were redesigned and replaced. The 
details of the changes and improvements in the operation of the machine are 
given in the original thesis (3Q)0 
1003 Operational Characteristics of the Impact Fatigue Machine 
With the impact fatigue machine running continuously, a method of 
measuring the accumulated permanent strain and also the strain cycle during 
each blow without stopping the test was needed. An electrical circuit) 
essentially a wheatstone bridge in which unbalance was reduced as the 
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B~ecimen elongated, was devised for measuring the desired strain., The slide 
wires ~re attached to one end of the specimen and two contactors were 
attached to the other end .. 
Two experimental models of such a gage, subjected to shakedown 
tests at 70 rpm, proved unsatis~~ctory. However, all the faults were in 
their physic~ construction and they did ,illustrate the practicality of this 
method., Although,_ the accurate magnitude of the strain cycle during a blow 
could not be determined from these records, they did show a variation of 20 
to 30 percent in individual blows at 70 rpm .. 
The variation in the strength of successive blows during a test 
was in~~stigated by studj~g the action of the tup over its path at various 
disc speeds with a strobotac.. Multiple exposure photographs were taken to 
determine the variation in the position of the tup for a given position of 
the disc.. Wi th the tup in the proper striking posi tioD., a white line was 
painted along the top edge of the tup and continued in a radiaJ.- direction on 
the surface of one of the discs., Above this base line other short lines were 
painted on the disc at 1/4-in.. intervals., 
Based on the data obtained the following observations were made 
for the speeds listed: 
50 rpm - during the upper portion of the cycle the gravati t,ionaJ. 
forces are such that the tup falls back against the rebound stop., The 
centri~ugal force on the tup was not sufficient to enable it to reach the 
positioning stop before del~vering +.he next blowo 
55 rpm - the tup action at this speed is similar to that at 50 
rpm., The tup almost reaches the- positioning stop when it delivers a blow., 
60 rpm - the same action as above takes place, but at ·this speed 
the top hits the positioning stop and rebounds slightly before delivering 
the blow. 
60 
65 rpm - the tup hits the positioning stop shortly before delivering 
the blow and has rebounded one to two divisions when it delivers the blow. 
80 rpm - the tup hits the positioning stop 8 in. above the point 
where the blow is delivered and is 1 1/2 to 3 divisions from the zero posi-
tion when it delivers a blow. 
90 rpm - the tup hits the positioning stop just at the edge of the 
channel and is only 1 to 1 1/2 divisions above the zero when it delivers a 
blowo 
100 rpm - the tup hits the stop at the top of the cycle and is only 
one division above the zero when it delivers a blow. 
110 rpm - when the tup passes the edge of the channel it is 3 to 4 
divisions behind the zero, but it is only 1 1/2 divisions behind when it hits 
the yoke. ' 
120 rpm - the tup rebounds much fUrther but is only two to three 
divisions above the zero when it hits the yokeo 
At speeds above 130 rpm it was impossible to follow the tup action 
accurately with this method. 
In Fig. 1002, photographs taken with a strobolux and contactor show 
the variation in the position of the tup when de'livering a series of blows. 
Each photograph, a record of 40 successive revolutions of the diSCS, shows 
the disc and corresponding tup positions when the disc zero is 3 ino above 
the striking positiono These observations sho~ that the tup operation is 
very erratic and that the blow delivered is not axial 0 
1004 Testing Program 
All of the specimens tested in this investigation were taken from 
l-in.-round killed steel K stock (mechanical properties are given in Sec-
tion 903). ,Type C specimens, shown in Fig. 10.3, were used for the 
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repeated-load static tests. By tapering the test section length) this type 
of specimen eliminated the possible notch effect present in specimen T,ype B. 
n1e first repeated-impact tests were performed using specimen Type E, shown 
in Fig. 10.)0 In testing) the transverse machining marks present on the sur-
face of the specimen opened and made it very difficult to determine which 
crack would cause failure. Variations in the specimens made by different 
machinists) requirements for more space on the shoulders, and the deterimental 
effect of transverse machining marks on the surface of the specimens) resulted 
in the design of specimen TYPe F and the development of a procedure for its 
fabrication. A profiling attachment, having the desired taper and transition 
radius) was used in machL~ing the reduced portion of the specimen until the 
center diameter was approximately 0.005 in. greater thfu~ desired. One hundred 
grIt emery cloth discs were placed on a spindle driven by an electric motor 
vihich was positioned to longitudinally polish the specimens. This longitudinal 
polishing of the specimen removed all transverse marks visible to the eye. 
No. 0 emery polishing paper "HaS used for the final finish. This procedure 
resulted in specimens "Ylhich had essentially the srune profile and surface 
finish. 
The detailed adjustIllents of the i.rnpact-fati(11.1e machine and the 
step-by-step procedure used in carrying out aD actual liQpact fatigue test 
are given in the original thesis (30)0 
To investigate possible relation bet,.;een repeated-load static tests 
and impact tests) repeated-load static tests "Tere conducted on specimens 
similar to those used in the repeated impact fu"'1d normal static tests (Table 
90)) for specimen diameters ranging from 3/16 in. to 7/16 in. These tests 
were designed so that approximately the same L~crement of permfu"'1ent set 
would be produced with each load ing as had been produced in the previous 
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impact tests. The load was applied and completely released in increments which 
gave approximately the desired total elongation. These tests were conducted 
.-in a 30,OOO-lb Riehle testing machine wherein a 10,OOO~lb calibrated weigh-
bar was used to measure the load. These tests were conducted at a cross-
head speed of 0.325 in. per min.) which provided sufficient time to take the 
desired measurements. Distribution of elongation and reduction of area was 
measured in the manner described in Section 9~3o 
For control purposes a few normal static tests were performed in 
the same 30,OOO-lb Riehle testing machine described previously. In these 
tests a crosshead speed of approximately 00006 in. per min. was used up to 
the yield point and then a speed of 0.034 in. per min. was used for the re-
:i:. 
mainder o~ the testo These speeds made it possible to measure the necessary 
load and elongations required. 
In the repeated-impact tests the elongation was read along two gage 
lines with a direct reading extensometer to an accuracy of 00002 in. with 
an Ames dialo In all tests this extensometer was used to measure elongation 
up to the point of fracture. The diameter of the specimen was measured at 
the top) center, and bottom of the test section for the repeated-impact and 
normal static test specimens. In the repeated-load static tests, the diameter 
was measured at every point that an optical elongation measurement was taken. 
To determine the distribution of the elongation over the test sec-
tion of the repeated-load static specimens) the optical measuring system 
described in Section 9.3 was used. This method permitted strain measure-
ments over 1/4-in. gage lengths on the reduced section ruJ.d 1/8~in. gage 
lengths on the transition section. 
10.5 Results of Tests 
The results of the repeated-load static tests are given h! Table 
1001) and the distribution of elongation and reduction of area for two of these 
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spec~ens is shown in Figs. 10.4. The same information has been plotted in 
Fig. lOo5 for similar repeated-impact and static specimens listed in Table 
9.3. A comparison of distribution of reduction of area along 1/4-in. and 
5/16-in. diameter static, repeated-static &~d impact specimens is shown in 
Fig. lO.6. The load elongation curves for 1/4-in. and 5/16-in. diameter 
normal static and repeated static specimen tests are shown in Figo 10.7. 
Results of repeated-load static tests and nonnal static tests on 
specimens taken from the same bar (Tables 10.1 and 10.2) indicate no appre-
ciable difference in final elongation or reduction of areao Normal static 
test results listed in Table 10.2 are somewhat higher than those listed 
in Table 9.3 for specimens taken from another bar. 
The results of the repeated-impact tests performed in this investi-
gation are summarized in Table 10.3. Values for reduction of area and 
elongation are not listed since it was impossible to measure these quantities 
after the final distortion of the specimen. These tests showed fatigue fail-
ures characterized by small amounts of elongation and reduction of area. The 
test results given in Table 10.3, can be classified into three groups ac-
cording to the type of finish given in the specimen: (1) flas machined" 
surface, wherein during the performance of the tests numerous surface cracks 
appeared which seemed to follow the machine marks on the surface of the 
specimen; (2) transversely polished specimens where the same phenomenon 
occurred; and (3) longitudinally polished specimens, wherein multiple-
irregularly shaped-transverse cracks following no definite pattern developed. 
The tests of Specimen AB-9 produced the first fatigue fracture and 
a metallurgical examination of this fracture yielded the following general 
conclusions which should be substantiated in further tests: (1) the shear 
failure of the impact-fatigue specimen was characterized by an intermediate 
64 
level of plastic deformation adjacent to the fracture and a low level away 
from the fracture) (2) the impact-fatigue specimen sustained a lesser degree 
of work hardening than a comparable static tensile specimen tested to failure) 
(3) the strain raising effect of small defects as potential origins of frac-
ture was clearly shown. 
Shown in Fig. 10.8 are typical curves showing number of blows versus 
elongation for various impact-fatigue specimens. Parts (a) and (b) show the 
fatigue failure of specimen lill-9 and the ductile failure of specimen AB:-10) 
respectively. Part (c) compares the number of blows to failure for trans-
versely and longitudinally polished similar specimens) showing the signifi-
cant reduction in life of the specimen with small transverse polishing marks. 
An age hardening effect was noted in the test of specimen AB-6. In 
continuing this test after being stopped overnight) the first two or three 
thou~and blows delivered did not cause as much elongation of the specimen 
as the same number of blows delivered just before stopping the test. However) 
after the first few thousand blows had been delivered the rate of strain 
again increased. 
10.6 Summary and Recommendations 
The deleterious effect of very small defects in the-surface of a 
specimen ma~e it necessary to examine closely the surface of all specimens 
and to provide a standardized finish with no transverse marks on allfu~ure 
test spec :imens . It appears that surface geometry is of prime importance in 
repeated-impact tests) just as it is in fatigue tests of similar structural 
materials. 
The major remaining problem in this study is a satisfactory method 
of measuring the strength of the blow and the strain cycle in the specimen. 
The tests performed have indicated that the following revisions should be 
considered: (1) the development of a mechanical or electrical method of 
holding the tup in striking position until just before the bloi·T is delivered; 
(2) provision of an adjustable point of rotation so that various tup sizes 
can be used; (3) provision for a stronger yoke and for a weigt. bar between it 
and the specimen; (4) an improved method of mounting the specimen to eliminate 
the torsion presently applied to the specimen; (5) the development of a better 
method of adjusting and measuring the tension in the connection box. 
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V. REPEATED AXIAL COMP~SSION AND TENSION TESTS 
11. Studies by R. E. Elling 
1101 General 
Failures have been reported in service where the applied load was 
predominantly compression. Some opinions hold that fatigue cannot occur under 
compressive stresses. Consequently, some uncertainty exists as to the induced 
stress distribution in specimens subjected to compressive loads. The present 
study consisted of a number of tests on several materials subjected to axial 
loads v~ing from zero to a maximum compression. The materials studied were 
cast iron, rail steel, brass, chromium-molybdenum steel, aluminum and mild 
steel with ffi8 ny of the re0U~ ts reported previo.usly (13). In addition to pure 
compression tests, several tests of killed mild steel involving stress ranges 
from 65,000 psi to 92,000 psi I'li th compress ive stresses varying from 5 to 45 
p~rcent of the range of stress were conducted. It was hoped that the latter 
tests would lead to a correlation between tests in which residual tensile stresses 
act and tests. in wh~~~ tensile stresses are purposely introduced. 
11.2 Review of Previous Work 
Many investigators have noted that failures under stress ranges 
predominantly in compression occur at much higher stresses th~n those required 
for failure under conditions of full reversal or zero-to-tension loading. 
Many have attributed compression fatigue failures to residual tensile stress-
es induced in the specimens. 
Some researchers have also reported that cold working of metals 
generally raises the endurance limit. Freudenthal has reported that the 
endurance limit is an inverse function of the grain size which would explain 
the noted effect of cold workingo 
.. ' i 
Van den Broek reported that cold working in one sense tends to reduce 
the elastic range to zero in the opposite sense, if a reverse loading is 
applied immediately. However, proper aging of the material before reversing 
the load results in restoration of the elastic properties to their initial 
or even a slightly greater value. Kenyon and Burns substantiated the latter 
observation by Van den Broek. McAdam, Geil, and Jenkins discovered that a 
chromium steel, pre compressed to various amounts of inelastic strain, showed 
first a decrease and then an increase in both the tensile yield point and the 
tensile fracture stress with increasing strain. 
11.3 Description of Tests 
The machine used in these tests was a 50,000-lb capacity Wilson 
Fatigue Machine. The details of the tension-compression apparatus and the 
specimen are shown in Figs. 11.1, 11.2, 11.3, and 11.4. This tension-
compression apparatus is a modification of the repeated compression apparatus 
(described in Reference 13) in which the two platforms were replaced by ad-
justable specimen seats which bear against the end of the specimen and con-
tain tapered split nuts which apply tensile load by direct bearing against 
the tapered specimen. A lock nut fixed the adjustable specimen seats firmly 
in position and prevented them from moving during a test. 
The pure compression tests reported herein "Here a continuation of 
the previously reported tests (13) and involved only tests of killed struc-
ural steel which had been statically pre-compressed. The steel used in the 
tension-compression tests was the same as that used in other phases of this 
work--killed steel K. Before use, the material was normalized at 1650 deg. 
F to make it more homogeneous and isotropic. In this condition the tension 
and compression yield points were approximately 44,000 psi while the ultimate 
tensile strength was 64,000 psi. 
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After heat treatment the material was subjected to static pre-
compressions equivalent to those used in the repeated compression studieso 
However) the method used in the latter studies could not be used for the 
longer tension-compression specimens) because of their tendency to buckle. 
Adoption of a method of pre-compression similar to that used by Jo A. Van 
den Broek proved quite satisfactoryo This method consisted of supporting a 
3/4-in. square bar in two wooden block halves with 1/2~in. steel liner plates 
inserted between the bar and the wooden blocks. The bar extended approximately 
1/2 ino beyond the ends of the wooden blocks. The two wooden block halves 
were readily separated to install or remove a bar and metal straps and bolts 
fastened the blocks together 0 The 3/4-in. square bar) mounted in the sup-
porting block) was placed in a static testing machine as shown in Figo 11.5 
and compressed until the bar length was equal to that of the block. The bar 
was r~noved and machined to a 3/4-in. square cross-section and placed in a 
succeeding wooden block approximately 1 in. shorter than the previous oneo 
The cycle was then repeated and the stress-strain relation developed in 
successive stages of precompression is summarized in Fig. 11.6. 
1104 Test Results 
The results of the preliminary repeated compression tests on 
several metals have been reported (13). The additional results obtained 
in the current series of tests on killed steel are summarized in Table 11.10 
The large scatter apparent in the pure compression tests of mild steel may 
be partly attributed to eccentricity of loading caused by partial failure 
of the loading apparatus discovered near the end of the test program. 
In the repeated compression tests it was found that fatigue damage 
was influenced by the amount of bending introduced in the specimens. The 
increased compressive and shear stresses introduced by bending may have 
, ,J 
caused the decreased lives noted. However, when bending exists, residual 
tensile stresses may be set up in the region of maximum compression upon 
release of the compressive load. A stress range defined by the applied 
compression and residual tension thus developed may have substantially re-
duced the fatigue life. 
To investigate the properties of the precompressed steel, several 
static tensile tests were conducted on materials subjected to various levels 
of precompression ffi1d in some cases, subsequent artificial aging. The data 
from these tests are summarized in Table 11.2 and are illustrated in Fig. 11.8. 
Generally it was noted that with increasing values of precompression the 
elastic strength first decreased and then increased while the percent elonga-
tion behaved in an opposite manner. Little variation was noted in the per-
cent reduction of area. 
The hysteresis developed in precompressed material was investigated 
by mounting SR-4 electrical strain gages on a specimen. Tnis specimen was 
then loaded in a static testing machine, first in compression and then in 
tension. The results of this test are shown in Fig. 11.7. Repetitions of 
the load cycle indicated in Fig. 11.7 resulted in almost identical behavior. 
However, repetition of the load in only one sense, either tension or com-
pression, quickly established elastic conditions in that sense only. After 
the development of elastic conditions in that sense, it was found that load-
ing immediately in the opposite sense would remove the elastic condition ·when 
reloading in the original sense. The stress-strain relationship under these 
conditions once again became similar to that shown in Fig. 11.7. 
A summary of the results of repeated tension~compression 
given in Table 11.3. The majority of these tests were conducted on material 
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statically precompressed to 97)000 psi. However) several tests were also 
conducted on material statically precompressed to smaller values. Failures 
occurred at equilibrium stresses ranging from 36)000 to 85)000 psi in com-
pression and from 5400 to 30)000 psi in tension at cycles to failure ranging 
from 298,000 to 1)392)000. 
Some difficulty was encountered in maintaining a desired stress range 
on a specimen. The fatigue machine used was a constant strain type machine in 
which near-load conditions were maintained by adjusting the load periodically. 
However) if the fatigue compressive stress was within 10,000 to 15,000 psi of 
the static prestress while the fatigue tensile stress was greater than from 
5:000 to 10,000 psi, it was impossible to maintain the set load. For these 
cases the compressive load dropped off rapidly during the first fe1" thousand 
cycles while the tensile load correspondingly increased. If the loads were 
frequently re-set during this period) the same shift in load llas again 
observed. However) if the loads were not re-set) they stabilized within 
20,000 to 40)000 cycles and remained essentially constant for the remainder 
of the testo During this initial shift in loads) the specimen diameter 
was found to increase 1 or 2 percent) the maximum increase occurred with the 
maximum shift in load. Once stability was reached) no additional change in 
specimen diameter was notedo Careful selection of stress magnitude resulted 
in no major readjustment of load during the testo But the total stress range 
increased as much as 5200 psi during the first few thousand cycles of this 
loading. It is interesting to note that the maximum stress range was 
developed for tests made in the pure compression range. The stress range, 
when staoili ty was reachedJ ·decreased as much as 14 percent when 30 percent 
of the stress range was in the tensile senseo 
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The shift in load present in the tension-compression tests may be 
explained by referring to Fig. ll.7 and assuming that the fatigue cycle is 
comparable to the static cycle. Since the fatigue machine applied a constant 
amplitude of strain) the permanent set incurred in each cycle of load would 
result directly in a shift in load. As the number of cycles increased the 
compressive permanent set decreased while the tensile permanent set increased. 
The observed stability which occ~red within 20)000 to 40)000 cycles can be 
explained in terms of the equilibrium of the tensile and compressive permanent 
set. The increase in specimen diameter accompanying the large shift in load 
would be a direct result of the yielding of the specimen in the compressive 
sense. The absence of an increase in stress range in tests where major shifts 
in the load were noted, can be explained by an increase in hysteresis in the 
tests. Since the stress range corresponding to a constant range of strain 
decreased with increasing tension in the cycle, the width of the hysteresis 
loop could be thought of as increasing with incre'asing tension. If this 
hysteresis increase occurred) the work hardening necessary to cause an 
increase of stress range may have been obscured. It is believed that work 
hardening occurred in all tests) especially those in which the stress range 
increased with no major load shift. 
If Fig. 11.7 is representative of the fatigue stress-strain re-
lationship, a considerable hysteresis must have occurred at the beginning 
of each fatigue test. Work hardening would reduce this hysteresis loss) 
however) but completely elastic stress-strain conditions were not established 
in all of the tests. Eor example) in specimen 20 the stress range corres-
ponding to a constant range of strain completely in the compressive sense 
was 88,500 psi. During the fatigue test the stress range, which included 
21,000 psi tenSion, was initially 76,200 psi. After approximately 20,000 
72 
cycles of stress, work hardening had increased this stress range to 81)400 psi. 
The difference of 7,100 psi may be accounted for by a hysteresis loop which 
~ 
existed during the fatigue test. This specimen did not fail wit~in 2,000,,000 
cycles) indicating that a considerable hysteresis loss may be sustained with-
out causing fatigue damage (within 2)000)000 cycles)) an observation which 
has been· substantiated by Hopkinson and Williams. They found) however" that 
hysteresis) corresponding to an energy loss greater than a certain critical 
amount) was always associated with fatigue failure. 
From the limited results of ,tension-compression tests available) 
there seems to be no apparent correlation of fatigue life with magnitude of 
tensile stress, qompressive stress) stress rilllge) or &~y combination of these 
three values for all values of prestress. However" a noteworthy consistency 
in these tests is that for every specimen which sustained more than 2,,000)000 
cycles of loading" the ratio of stress range to prestress was less than 0.900 
On the other hand for all specimens which failed within 2)000)000 cycles this 
ratio' was equal to or greater than 00900 This observation is valid for the 
specimens tested in this study regardless of the individual magnitude of 
tensile stress, compressive stresp) total stress range) or prestresso 
11.5 Summary 
The fatigue strength of precompressed mild steel subsequently tested 
in axial compression to tension appears to be a flIDction of the static pre-
stress and increases as the magnitude of the static prestres·s increases. 
TIle fatigue strength appears to be more directly a function of fatigue stress 
range than of the individual magnitude of either compression or tension. 
The limited amount of data available prevents the extension of these con-
clusions beyond the range of the current tests. 
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The stress rfu~ges reported in Table 1103 are those attained at 
equilioriurn since the nature of the fatigue machine 1vas such that it \"as 
impossible to maintain a previously specified stress range. As a con-
sequence) no determination of the relative effects of magnitude of either 
compression or tension is possible from the present series of tests. 
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Steel Kind of Treatment 
Bteel 
A Semi -Killed As Rolled 
c Semi -Killed As Rolled 
Dr Killed As Rolled 
Dn Killed Nonnalized 
E Rinnned As Rolled 
R Rinnned As Rolled 
K Killed As Rolled 
TABLE 201 
CHEMICAL ANALYSES OF STEELS USED DURING INVESTIGATION 
Percent by Weight of Element Noted 
C ;.in P S 8i Al Ni Cu Cr 
0026 0050 00012 00039 0003 00012 0002 0003 0003 
0024 0 .. 48 0/)012 0,,026 0005 00016 0002 0003 0003 
0022 0055 00013 00024 . 0021 00020 0 .. 16 0022 0012 
0019 0054 00011 . 00024 0019 00019 0015 0022 0012 
0020 0033 00013 00020 0001 00009 0016 0018 0009 
0027 00;3 00008 0.,025 0.01 
0023 0047 00008 00029 0016 
110 Sn 
00006 00003 
00005 00003 
00022 00023 
00021 00025 
0.018 00024 
N2 
0.004 
00009 
00006 
00006 
00005 
00006 
00008 
~ 
V1 
A-veraGc 
AveraGc 
TIsi. 
,.,J-rj 
:': -',(; 
.( ..... ' ..... -
Stress .l 
psi 
30- 700 
31\100 
30,,]00 
33)300 
33,,000 
3-;':; 
./) l~OO 
?irl::lecl 
~1. ),"J,. ) 700 
-' ~O -, ~!. I'; 
,/ , 
)~) COO 
Kill.ed 
YJ) 700 
59}100 
59; ~;.tJO 
3l .. ~) 
u 
31cng2-tion 
in 8 ino.9 
~:; 
St-ee:l 1\ 
:)) ~ 6 
::,'7 3 ./! 
350 5 
Stc21 Tr l\. 
3° <-0 4 
32c7 
32.6 
~\c:::;_uc -:'=i OJ:;. 
0:[' A-:...-es.. 
Je:lljctio!) 
of Arca.'} 
I 
I:) 
:::0 
.'/./ CJ 5 
~(L 1+-
59<0 
6Jo 3 
610 5 
6J09 
TABLE 402 
RESULTS OF TESTS OF TYPES A, B, AND C RECTANGULAR SPECIMENS OF KILLED AND NORMALIZED STEEL Dn 
Speco Tempo, Yield Ultimate Fracture Elongation Reduction Fracture Energy Thickness 
No~ OF Stress, Stress, Btress, in 2 ino, of Area, Area Factor, Width 
psi psi psi % % ° inolbEo/' at 90 
% sq. in. 
Type A, 1/8 ino 'rhick 
16DN 0 63,200 7,400 13 19 0 15,600 1/16 
17DN -10 62,500 8,800 13 22 0 15,600 1/16 
18DN 
-25 62,500 11,400 13 24 0 16,200 1/16 
19DN -45 62,600 12,200 13 25 0 14,000 1/16 
Type B, 1/2 ino Thick 
7DN 18 51600 63,500 1,800 16- 2l 0 20,800 1/4 
14DN 0 40000 65,500 15,500 14- 20 0 18,200 1/4 
8DN 
-5 51500 65,400 13,300 15, -24 0 19,800 1/4 
10DN -10 53900 65,900 7' 7 100 9,000 1/4 
I1DN -15 61~) 300 1:;-,.) 7 100 7,000 1/4 
Type C, 3/4 ino Thick 
21DN 8 67,500 21,400 19 23 
° 
25,300 3/8 
22DN 0 67,300 22,000 17 21 0 22,800 3/8 
23DN -10 67,000 67,000 8 11 94 10,200 3/8 
-4 
-1 
-J, 
TABLE 403 
RESU:Urs OF' TESTS OF TYPES D, E, AND F ROUND SPECIMENS OF KILLED AND NORMALIZED STEEL Dn 
Spec 0 Tempo, Yield Ultimate Fracture Elongation Reduction Fracture Energy 
Noo of Stress, Stress, Stress, in 2 ino, of Area, Area Factor 
psi psi psi 10 % at 90° in alb/ 
% sqa ina 
Type D, 1/4 ina Diameter Unnotched 
9 -45 12,900 53,800 47 51 0 16,700 
13 -80 77,000 56,700 49 56 0 18,400 
Type E, 7/16 ina Diameter Unnotched 
1 0 71,100 '52;-000 45 62 
° 
27 J900. 
5 0 71,400 52,400 44 61 
° 
27,500 
2 -45 73,tfJO 55,100 43 61 0 28,400 
6 
-45 74,000 55,100 43 66 0 27,800 
3 -80 75,200 55,000 43 67 0 27,900 
7 -87 77, ;00 57,400 43 65 0 29,100 
Type F, 7/16 ino Diameter with Circumferential Notch of 00010 in. Radius 
8 4 98,800 84, tfJO 13 22 56 10,700 
4 -;f) 102, ;00 91,tfJO 12 13 85 11,400 
L" .. :_:_~' L .:.:~:~ . i:i:! r: 
. _.--!.......-_; ;: . r:~; 
TABLE 405 
SUMMARY OF TESTS RESULTS FOR TYPE G AND H SPECIMENS 
Spec. Tempo, Yield Ultimate Fracture li'inal Reduction Fracture Energy 
No .. .oF Stress, Stress, Stress, Elongation of Area, Area at Factor, 
psi psi psi 2 ina 4 in .. % 90°, % ina Ib/ 
sqo in. 
Type G, 15/16 ino Diameter Drilled Hole Stress Raiser 
35R 25 46,400 64,600 60,900 c 559 .. 603 42 ' 21 36,100 
32R 15 50,000 66,500 44,200 .620 .703 41 31 41,200 
3JJR 0 48,000 65,000 62,300 0479 0566 50 76 31,100 
33H -15 49,200 66,500 64,600 0478 0571 37 90 31,800 
34H -25 40,700 67,800 65,300 0453 .541 34 100 30,700 
31K 72 62,800 58,500 .625 .702 46 0 39,300 
32~ " 25 51,200 66,000 61,800 0613 .692 47 0 t~l, 400 
33[( 0 52,900 67,600 57,900 0547 .621 39 25 377 900 
34K -·25 50,800 70,800 65,600 ' 0484 0572 37 75 34,300 
35K --50 52,300 72,000 66,100 0504 0603 41 90 36,300 
36K --70 56,400 73,000 68,600 33 95 
43K -102 48,000 75,700 71,200 .492 0591 33 100 37,300 
1yPe H, 15/16 ino Diameter Punched Hole Stress Raiser 
22R 50 47,800 53,300 23,600 0408 041+7 25 0 21,700 
lOR 45 46,700 52,500 23,400 0350 ~402 25 9 18,400 
llR 35 47,700 53,200 53,200 0152 0192 9 91 8,000 
12R 15 47,300 52,600 52,600 0159 .196 6 98 8,400 
2~iR -100 54,800 56,800 56,800 .058 0063 2 100 3,300 
2~K 0 52,500 62,800 22,100 0398 0465 27 0 15,400 
11K 0 52,100 61,400 28,800 .424 .476 32 15 26,000 
l~K -~25 52,500 63,400 26,200 .415 .470 26 22 25,000 
lOiK -~40 '52,800 64,500 62,600 0268 0325 11 91 26,300 
22K -·50 52,200 64,800 64,800 0233 0293 13 93 17,300 -1 \0 
2~lK -104 61,500 61,500 .114 .131 3 100 7,000 
TABLE 406 
SUMMARY OF TEST RESULTS FOR TYPE I SPECIMENS 
Speco Tempo, Yield Ultimate Fracture Final Reduction 
Noo OF Stress, Stress, Stress, Elon~ation of Area, 
psi psi psi 2 in" 4 ino % 
Type I, 15/16 ino Diameter Subpunched and Reamed Hole Stress Raiser 
29R 35 47,200 62,300 28,500 0503 0580 33 
28R 25 47y800 63,500 26,800 Q508 0599 36 
18R 25 47,100 64,000 61,700 o"5J7 0468 27 
16R 0 48,100 65,500 62,400 04~ 0536 31 
17R -25 49,100 67,400 65,200 0408 0501 32 
30R -35 49,400 69,500 68,900 0332 0424 22 
16K 15 53,500 67,400 53,000 0548 0637 46 
17K 0 54,100 70,300 60,900 0416 0501 24 
18K -15 52,400 70 J 300 56,800 0396 0490 27 
28K -25 53,000 72,000 64,800 0331 0468 25 
29K - 35 51.9500 71,200 60,600 0408 0500 29 
30K -50 52,600 72,400 71,600 0342 0465 23 
-:-"t"-,-; f' i "I 
Fracture 
Area at 
90°, % 
20 
20 
100 
50 
100 
100 
0 
40 
25 
80 
70 
95 
Energy 
Factor 
ino Ib/ 
sqo 'ino 
28,700 
27,500 
23,700 
32, ::DO 
31,300 
23,100 
36,900 
29,300 
27,800 
27,400 
29,000 
29,500 
0:> 
o 
'rABLE 407 
SUMMARY OF TEST RESULTS FOR ~iPES RG AND RH SPECIMENS 
Speco Tempo Yield Ultimate Fracture Final Reduction Fracture Energy 
NoD OF Stress~ Stress, Stress, Elongation of Area, Area at Factor 
psi psi psi 2 ino 4 ino % 90°, % in. Ib/ 
sqo ino 
Type RG, 15/16 ino Diameter Drilled Hole with Rivet Stress Raiser 
37R 25 49,000 65,000 64,000 0527 0618 30 5 34.9 300 
39R 0 ---- 65,300 58,900 0386 0473 27 85 25,200 
40R -15 66,400 63~600 0370 .467 25 90 21~, 600 
4lR -25 48 J 700 68,600 67,500 0330 0432 19 95 22,600 
38R -106 54,700 74,500 74,400 0~40 0414 24 100 25,300 
37K 25 50~000 66,300 24,600 .5~2 0653 45 10 39,300 
38K 15 50,800 67jEDo 25~200 05213 0613 41 15 35,700 
39K 0 50:;800 58~600 64,900 0440 0518 35 85 ;D,200 
40K -15 51,900 69,500 65,200 0416 ·505 33 90 28,900 
4lK -102 49,900 76~400 75,900 0387 0468 28 100 29:;600 
Type Rl!:; 15/16 ino Diameter Punched Hole with Rivet Stress Raiser 
13R 50 46~800 53,600 21,400 0417 Q 467 27 0 22,400 
14R 25 48,000 56,500 23,600 0410 0461 21 20 23,200 
15R 15 49~ 300 57,EDo 49,200 0214 0281 11 60 12,300 
25R 0 48,600 56, ;DO 46,900 0251 0296 16 ED 14,100 
26R 
-25 49,500 59,200 56,600 18 90 
27R -104 58,100 60,000 60,000 0051 0056 3 100 3,000 
13K 15 51, ;00 60,800 17,900 0468 0517 26 0 28,500 
14K 0 51; 400 59,600 41,900 0339 8399 17 50 20,200 
15K -15 50,500 61,600 22,900 0433 0480 23 17 ~7,000 
2% ,-25 52,600 63,300 63,300 0190 0235 4 100 l2,000 
26K -101 55,000 65,000 64,600 0125 0148 4 100 8,100 
()) 
!-l 
SUMMARY OF TEST RESULTS FOR TYPE G AND DG SPECIMENS 
Speco Tempo, Yield Ultimate Fracture Final Reduction Fracture Energy ex:> f\) 
Noo of Stress, Stress, Stress, Elongation of Area, Area at Factor, 
psi psi psi 2 ino 4 ino % 90°, 10 ino Ib/ 
sqo ino 
Type G, 15/16 ino Diamete~' Drilled Hole Stress Raiser 
108R1 158 47,000 51,300 33,600 0420 0490 2102 5 25,800 
108R1 128 44,200 58,200 56,600 0479 0556 3701 10 27.9900 
104Rl 101 45~800 59,Eoo 43,800 0466 0568 4106 10 28,900 
109Rl 69 47,000 61,500 42,800 0466 0560 4006 10 28,600 
105R1 49 48,500 62,200 60,000 0559 0630 42.2 20 29,700 
35R 25 46,400 64,600 60,900 o 1~78 0578 3505 10 36,100 
103Rl 22 49,700 62,500 53,000 . 0477 0578 3704 10 29,800 
32R 15 50~000 66,500 44,200 0620 0703 4100 30 41,200 
3lR 0 47,950 65,000 62,250 0479 0566 1~908 75 31,100 
106Rl -1 51,200 65,400 64,000 0420 0520 3309 90 27,500 
33R -15 49,150 66,500 61~, 600 0478 0571 3700 90 31,800 
34R -25 40,100 67,800 65,300 0354 0541 3400 100 30,700 
4311 -63 44,'300 68,900 67.9700 0422 " 516 3104 95 29,100 
36R -108 55,200 73,800 72,100 0432 0524 3103 95 31,900 
Type DG, 1/4 ino Diameter Drilled Hole Stress Raiser 
79R1 154 41,000 52,100 3,200 0374 0443 33·5 5 19,500 
99R1 130 44,200 56,600 23,500 0347 0412 2606 5 19,700 
100Rl 102 44,500 57,600 23,100 0350 0415 25~8 5 20,200 
63Rl 77 45,300 57,600 12,300 0335 0405 2604 10 29,300 
66Rl 60 46,100 59,600 20,700 0367 0442 2703 10 21,900 
80R1 51 46,400 59,400 20,500 0363 .438 3002 10 21,600 
8lRl 448 48,000 60,700 13, ~.oO 0345 0427 3006 10 20,900 
62Rl 45 48,500 60,200 57,100 0237 0312 1602 90 14,200 
78R1 40 48,000 60,600 57,300 0246 0329 1806 90 14,900 
75Rl "35 48,200 60,10'0 19,000 0353 0427 2805 15 12,200 
76Rl 29 48,100 61,20q 59,500 0255 0331 1801 90 15,600 
77Rl 22 48,000 61,000 50,600 0232 0309 1700 95 11~, 100 
52R 1 50,900. 63,300 62,000 02)3 0313 1601 95 15,100 
54R -32 42,900 65,200 57,800 0222 0301 1508 95 14,500 
6~Rl -78 47,400 68,600 ffi,60o 0213 0294 1,08 95 14.600 6 Rl -90 49,700, 70,000 70,000 0212 0296 1 04 95 14.9800 
5~ -103 53,700 69,500 63,900 0178 0233 1303 100 12, 1~0 
C,'~ u.:;·~·r I .j .. 'II .... 
.1: .~L' " 
j~ABLE 5,,2 
SUMMARY OF TEST RESULTS FOR TYPE FG AND EG SPECIMENS 
Spec. Temp. , Yield Ultima.te Fracture Final Reduction Fracture Energy 
No., OF Stress, Stress, Stress, Elongation of Area, Area at Factor, 
psi psi psi 2 in. 4 in. % 90°, % in. Ib/ 
sq .. in" 
Type FG, 0$078 In. Diameter Drilled Hole Stress Raiser 
93Rl 155 42,100 51,000 10,700 .295 e 349 24,,8 10 15,100 
10lRl 130 44,200 51,100 18,200 .288 .337 24.-3 20, 15,100 
102Rl 102 45,000 53,300 17,300 .286 " 357 19 .. 8 10 15,300 
92R1 71 45,600 54,800 11,400 .299 • 353 23,,5 10 16,400 
74R1 60 45,900 54,500 17,100 .,299 .. 353 25·2 10 16,300 
94Rl 48 46,500 54,800 54,800 ,,160 .. 217 1100 90 8,800 
91Rl 45 47,100 55,700 55,100 ,,174 0225 12 .. 5 90 9,700 
72Rl 40 46,500 55,900 19,600 .305 .,360 23.2 10 17,100 
95Rl 35 45,500 54,900 24 .. 400 ,,292 .,356 24.,8 35 16,000 
73Rl 30 47,900 55,900 55,900 0133 .,187 8 .. 5 95 7,400 
69Rl 20 49,000 56,200 56,200 ,,132 0185 8. L~ 95 8,000 
70R1 
-5 50,500 57,500 57,500 .,139 .,192 9.0 95 7:;100 
7lRl 
-57 56,000 59,100 59,100 .119 .166 8.3 98 7:;100 
90R1 -100 54,9 200 63,900 63,900 0112 0134 6.4 100 7,200 
Type EG, 0.,039 In. Diameter Drilled Role Stress Raiser 
129Rl 157 44,000 51,100 9,800 ,,290 0334 2301 15 14,800 
132R1 134 45,100 51,4DO 10,400 ,,2B8 " 326 21.6 15 14,800 
13IRl 100 44,700 51,500 14,400 .,284 .,332 25 .. 0 20 14,600 
128R1 68 45,900 51,100 14,300 .,312 " 364 23.7 20 16,900 
133Rl 51 48,600 55,400 14,800 .25)8 .350 2406 15 16,500 
134Rl 46 48,000 55,000 14,600 .285 • 339 2201 15 15,700 
124Rl 40 48,200 53:;600 53,600 .. 102 .,142 4.5 95 5,400 
125Rl 36 49,400 53,300 53,300 .106 ,,146 407 95 5,700 
127Rl -1 52,600 53,700 53,700 0089 .124 3.2 100 4,800 
126Rl 
-35 44,100 54,900 54,900 .. 081 ,,096 2 .. 6 100 4,400 
130Rl -68 47,800 52,400 54,200 .073 .080 2.9 100 3,900 
123Rl -107 56,400 59,600 59,600 .050 .052 106 100 3,000 & 
TABLE 503 
SUMMARY OF TEST RESULTS FOR TYPE KG AND JG SPECIMENS 
())~ 
Speco Temp. J Yield Ultimate Fractu:r.e Final Reduction Fracture Energy .f=' 
No. OF Stress.~ Stress~ Stress, Elon.ga.tion of AreaJ area at Factor 
psi psi psi 2 ino 4 ino % 900J F ino Ib/ 
sqo ino 
Type KG~ 00038 lUll Hacltsaw Cut Stress Raiser 
83Rl Ito 42,600 50,600 11,900 0286 " 334 24.0 10 14,500 
89Rl 156 42J500 50,500 88~900 0278 0321 2201 10 11t,100 
97Rl 136 45:;400 53,9 700 21,9700 0266 0;06 25,,0 20 14~ ;00 
96R1 115 4!t., 400 52,800 4,000 II 318 0376 20,,8 10 16J800 
84R1 96 45,000 52,600 9,200 0;03 0375 2805 10 15,9900 
88R1 84 44,700 52,9700 10:;900 0;04 " 355 2201 10 16,9000 
56R 70 43.9 800 52,9500 3:;000 0424 0492 28 .. 1 10 22, ;00 
82R1 52 46,9500 54~200 54,200 .,141 0194 901 10 7,700 
87Rl 41 47,9 400 55,100 55,100 ,,147 0190 708 90 8,100 
59R 29 45,500 53,700 2,9600. 0412 0495 2800 10 22,100 
86R1 24., 48,600 55,9 ;00 55.9 ;00 0127 0180 607 95 7~000 
68R1 23 47.9 800 55.9 000 ~?.,OOO 0141 .,187 1000 95 7.9 800 
67R1 14 49.9 000 56,100 56,100 0142 0182 8,,9 95 7,900 
58Rl 
° 
49)1500 56,9100 56,100 0133 0213 903 95 9,500 
57R -12 52.9 000 59,200 59,200 0160 0213 903 95 9,500 
toR 
-48 44,000 56,900 56,900 0145 0190 706 95 8,300 
85Rl -110 55.9 600 59,600 59,600 00630 ,,686 303 100 3,800 
Type JG, 00014 Ino Jewelers Saw Cut Stress Raiser 
l18R! 158 42,200 49,900 2,800 0325 0370 2404 10 16..,200 
115R1 133 43,900 51,000 11,700 0285 0327 2202 15 14,600 
116Rl 100 46,100 52 .1l 400 11,200 ,,288 0331 2206 15 15,100 
110R1 71 45,300 52,800 3.9300 0317 .,373 2301 10 16,800 
122Rl 60 457500 55,9100 14, ;00 0287 .,337 21,,3 15 15,800 
12lRl 55 47,400 53,600 53,600 ':'0118 ,,157 508 95 6,300 
. ~ . 
- - - - -. 
_ ~l. I. /' I, r.r,r, 
TABLE 5.4 
SUMMARY OF TEST RESULTS FOR TYPE FM AND KM SPECIMENS 
Spec. Temp. , Yield Ultimate Fracture Final Reduction 
No. of Stress, Stress, Stress, Elongation of Area, 
psi psi psi 2 in. 4 inc % 
rrype FM, 0.078 inc Diameter Drilled Hole Stress Raiser 
139Rl 71 50,500 58,700 5,100 .314 0368 18.4 
14DR1* 35 4D,600 57,700 4,900 .225 .278 18.0 
133Rl 35 53,000 60,800 60,800 .134 .189 7.3 
Type I~, 00038 ino Hacksaw Cut Stress Raiser 
137Rl 59 49,500 57,500 16,800 .·287 c 339 22.0 
135Rl 53 51,000 59,300 20,000 .302 .356 2109 
l36Rl 36 52,4DO 59,000 59,000 .136 0185 805 
* 
Specimen broke in two parts, half shear and half cleavage. 
Fracture 
Area at 
90°, % 
10 
55 
95 
10 
10 
95 
Energy 
Factor, 
in. Ib/ 
sq. in. 
18,500 
13,000 
8,200 
16,500 
17,900 
8,000 
CP 
VI 
'rABLE 505 OJ 0\ 
nUMMARY OF TEST RESULTS FOR fl'YPE LG AND LH SPECIMENS 
Spec .. Temp. , Yield Ultimate Fracture Final Reduction Fracture Energy 
No. of Stress, Stress;) Stress, Elongation of Area, Area at factor, 
psi psi psi 2 ino 4 ina % 90°, % in. lb/ 
sq. in. 
Type LG, 15/16 In. Diameter Drilled Hole Stress Raisers 
6R 69 44,500 62,800 60,100 0612 41.3 15 ;8;)400 
4R -20 49,800 68:;200 67,500 0592 37.4 80 40,300 
5R -70 59,800 73,500 72,600 c564 35~ 3 100 41~500 
4K 67 49,200 65,900 60,900 ~676 46.0 20 44,500 
5K 1 ------ 70,100 64,000 ,,648 45.,0 35 45,400 
6K -61 ------ 75,800 72,100 0612 w.O 100 46,400 
Type LH, 15/16 In.. Diameter Punched Hole Stress Raisers 
2R 110 43,600 54,500 52,200 .372 22.6 
° 
20,300 
lR 69 45,000 56,500 54,100 .,308 1403 70 17,400 
3R 20 47,600 58,100 58,100 ol80 6 0 3 100 10,500 
:- :* 
3K 43 50,500 63,600 60,600 .364 2004 65 23,100 
2K 16 51,500 66,600 64,900 .360 17.2 75 24,000 
]J( 
-28 ------ 68,000 68,000 .. 313 13.6 100 21,300 
~""'!~ t'"·",,, ,'-""1 ~ ~.~~ I' ····1 ~~ ".. ............ ~ [~'.~ ~~. ~ft ~'-'-'l ~ ~ :~~ 
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TABLE 6.1 
TEST RESULTS FOR SEMI -KILLED STEEL A 
Spec. Temp. , Reduction Total Ultimate Fracture Energy 
No. of of Area,ojo Elongation, Stress, Stress; Absorbed, 
ino psi psi ft-lb 
sq. in. 
F42-A +70 34 .043 97,800 91,200 312 
F37-A +37 32 .. 043 102,000 95,900 327 
F46-A -8 31 0046 105,40.0 98,100 366 
F27-A -44 25 0037 110,600 108,000 ;D8 
F41-A -86 28 ~039 116,Soo 111,600 345 
F2S-A -92 20 0028 119,100 119,100 248 
A-19 -103 22 .033 118,3:)0 ll7,000 295 
A-13 -125 17 .. 024 124,200 124,200 220 
A-5 -150 15 .023 125,400 125,400 20S 
A-I -151 10 .016 129,100 129,100 139 
A-IS -152 7 .011 126,400 126,400 93 
A-3 -192 4 .. 008 128,800 128,800 57 
A-9 -220 2 .004 133,100 133,100 32 
A-2l -230 2 .005 137,500 137,500 39 
A-I0 -320 0 127,000 127,000 
A-7 -320 1 125,000 125,000 
TABLE 6.2 
TEST RESULTS FOR SEMI -KILLED STEEL C 
Spe~. Temp_, Reduction Total Ultimate Fracture Energy 
No. OF of Area,ojo Elongation, Stress, Stress, Abosrbed, 
in .. psi psi· ft-lb 
sq. in .. 
E26-c +70 29 .041 l08,9{)0 102,000 333 
E44-c +37 2S .040 108,000 102,800 327 
E29-C -2 24 .033 113,900 lll,700 318. 
E48-c -50 20 .032 llS,500 lIS, 500 281 
C-22 -64 13 .025 121,800 121,800 210 
E40-c -85 12 .020 120,900 120,900 In 
C-14 -120 10 .015 128,200 128,200 134 C-s -148 1 .010 127,009 127,000 88 
C-2 -152 6 .009 120,?00 120,800 70 
c-9 -21S 4 .004 130,200 130,200 35 
C-ll -224 2 .003 127,300 127,300 23 
C-1S -315 
° 
.004 131,600 131,600 20 
c-4 -315 1 .004 119,000, 119,000 18 
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TEST RESULTS FOR KTLLED STEEL Dr 
Spece Tem:p c , Reduction Total Ul,timate Fracture Absorbed 
No .. of of Area,% Elongation Stress, Stress, Energy, 
ino psi psi ft-lb 
s9.o ina 
D-15 +80 21 0022 117,800 ll5,500 187 
D-14 +78 26 0036 107,300 104,800 276 
D-1 -8 19 0024 126,100 122,600 209 
D-22 -10 19 0028 125,700 l23,700 239 
D-3 -88 19 0025 131,9'0'0 130,3'00 249 
D-l7 ~88 16 0024 133,500 133,'000 236 
D-5 -146 16 0024 138,'00'0 138,000 233 
D-6 ~148 l4 0'022 135,0'00 135,'0'0'0 217 
D-8 -,168 8 0'014 147,20'0 141,300 126 
D-7 -220 5 0'0'09 139,8'0'0 139,80'0 76 
D-4 -226 5 0'01'0 148,8'0'0 148 ,8'0'0 93 
D~2 ~319 0 0009 175,10'0 175,7'00 67 
D-10 -320 2 00'06 117,600 177,60'0 72 
D-24 -321 '0 0'0'05 =!-60,l'O'O 160,l'O'O 38 
TABLE 604 
TEST RESULTS FOR KILLED AND N'ORMALIZED STEEL Dn 
Spec 0 Temp 0, Reduction Total Ultimate Fract.ure Absorbed 
Noo OF of Area,% Elongation Stress, Stress, Energy, 
ino psi psi ft-lb ~'.~ 
sqo ino 
G-76 +72 44 0'053 95,,600 79,1'0'0 382 
'G-90 +34- 42 0052 1'00,7'00 89,7'0'0 395 
G-87 =8 37 0'049 1'03,7'0'0 ~l, 500 379 
, G-99 -44 34 0049 107,'0'00 96,80'0 392 
G-84 -88 29 0043 ll2,'OOO 1'07,700 364 
G-101 -109 27 0'043 ll8,000 116,'000 384 
G-1l8 -149 2I 0031 127,800 127,80'0 29'0 
G-1l9 -150 25 0029 123,800 123,800 257 
G-l21 ":185 16 0024 132,800 l32,800 227 
G-ll1 -220 l'O 0016 133,700 133,100 145 
G-1l4 ..,224 7 0011 130,700 l30,700 86 
G-89 -315 'l 0005 156,900 156,900 31 
G-ll6 -321 1 0006 124,100 l24,l'OO 33 
G-IlO -321 1 0004 143,100 l43,lOO 26 ,i 
r,-.;. 
-.. 
t~ 
: .. I 
.' .; 
I· 
--' 
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TEST RESULTS FOR RIMMED STEEL E 
Spec. Temp. , Reduction Total Ultimate Fracture Absorbed 
No. OF of .A:rea,% Elongation, Stress, Stress, Energy, 
ino psi psi ft-lb. 
sq. in. 
E-26 +78 33 .045 98,200 90)470 329 
E-28 -18 22 .037 106,300 104,570 294 
E-31 -58 17 0031 110 ,100 1l0,100 244 
E-29 -89 14 .024 113,200 113,200 190 
E-30 -89 13 .022 ll3,700 113,700 177 
E-38 -126 7 .016 113,200 113,200 113 
E-34 -150 7 .010 114,300 114,300 76 
E-52 -152 5 .011 108,600 108,600 79 
E-35 -216 2 .005 121,200 121,200 32 
E-37 -216 2 .005 126,900 126,900 34 
E-51 -318 1 .004 98,800 98,800 16 
E-50 -318 0 .003 120,100 120,100 15 
E-49 -321 0 .003 112,200 112,200 16 
TABLE 606 
TEST RESULTS FOR RIMMED STEEL R 
SpeCD Temp. , Reduction Total Ultimate Fracture Absorbed 
No. OF of Area,'fo Elongation, Stress" Stress, Energy, 
ino psi psi it-lb. 
sq. in. 
1-R +76 36 .048 96,800 88,,800 349 
21-R +74 36 .050 96,800 89,,300 357 
13-R -10 34 0047 107,400 97,000 410 
5-R -10 32 0051 107,400 97,,300 406 
2-R -86 23 .030 ll7,200 115" 700 267 
14-R -90 22 0034 116,800 115,,800 330 
lO-R -l27 14 .020 - l30,400 130,400 177 
8-R -l49 13 :Ol9 l29,800 129,800 157 
6~R 
-l51 8 .015 l27,700 127,700 ll7 
l5-R -l86 3 .005 132,400 132,400 47 
ll-R -218 2 .006 l39,200 139,200 46 
l2-R -226 1 .007 l35)900 135,900 46 
9-R -320 0 .003 l51,800 13l,800 15 
7-R· -321 0 .005 l28,700 128,700 22 
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TEST RESt~TS FOR KILLED STEEL K 
Spec. Temp w, Reduction Total Ultimate Fracture Absorbed 
Noo of of Area,,% Elongation, Stress .~ Stress, Energy, 
ino psi psi ft-lbo 
s~o ino 
P-5 +74 41 0053 99,000 88,400 381 
P~2 +69 41 0045 98,800 91,200 338 
p-16 -6 37 0049 106,600 95,500 412 
p~l4 
-6 37 0050 106,600 95,000 393 
P~12 
-8 34 0045 l08,100 l04,200 377 p~8 ..,85 37 0055 ll5,8oo 10l,500 460 
p~4 ..,87 37 0056 ll5,80o lOl,900 472 
P-ll -c.>l26 26 0040 129,900 l16,300 370 
Puo17 =l50 19 0027 131,300 l31,300 262 
P-15 «>156 15 v019 131,400 131,400 l75 
P-1O -21~4 6 0008 137,300 137,300 91 p-6 ",-,22l 5 ,,007 137,900 137,900 67 
P~13 ""3l8 1 0005 149,500 l49,500 30 
p ... 'T "'3l8 1 .. 004 143,500 l43,500 26 
TABLE, 701 
MECBA.TITCAL PROPERTIES OF THE MATERIAL USED FOR 
TEE SERIES OF TEE SK'VERITY OF FOUR INTERNAL STRESS RAISERS 
Specimen Lower Yield LIJ. timate Elongation Reduction 
Number POint, psi Strength, in 2 ino ,% of Area/fa 
psi 
Ul3 42 200 65 300 4201 6603 
m4 42 800 65 800 42~7 6707 
Average 42 500 65 600 4204 6700 --
91 
TABLE 702 
SUMMARY OF TEST D.KJ.A FOR TEE SERIES ON THE SEVERITY 
OF FOUR INTERNAL STRESS RAISERS 
Spec. Temp. , Ultimate Percent Reduction Final Absorbed Energy 
Noo OF Stress on Shear in of Area,% Elongation, in lb/ s'lo in. 
Net Section Fracture ino Before After 
psi Maximum Maximum 
Load Load 
SERIES A, Jeweler's Saw Cut Stress Raiser, 0.012 In. Wide 
T4-A4 +73 65 000 90 2603 00278 5640 8 260 
T6-A6 + 2 61 700 70 2209 00251 6 850 7 370 
T3-A3 -27 69 300 100 2205 00268 6 210 7190 
T2-A2 -45 70 000 75 2303 0.266 6 110 8 180 
T5-A5 -61 72 500 5 80 3 00101 5 580 490 
TI-Al -72 71 900 2 809 00077 4120 450 
SERIES B, Hack Saw Cut Stress Raiser, 00038 Ino Wide 
T16-B6 +73 65 900 100 2900 00335 7120 8 510 
T9-B3 -45 72 100 85 23 03 0~274 7 450 8 510 
TI0-:s4 -61 72 700 55 2207 00243 6 850 7 460 
T8~B2 
-72 7.4 900 20 1601 00178 7 780 4020 
T15-B5 -79 75 000 5 1406 00140 7 600 1 980 
T7-Bl -83 76 000 2 1001 00107 7020 230 
SERIES C, 0.038 In. Diao Drilled Hole Stress Raiser 
Ul-C5 +72 64 600 100 2508 00278 6 450 7 900 
T17-Cl -45 72 600 85 22·3 00261 7 730 7 460 
Tl8-C2 -61 13 600 70 2100 00246 7 620 7 580 
T19-C3 -63 74 000 15 1002 00118 7 070 420 
u2-c6 -66 74 400 2 9·5 00112 7060 220 
T20-C4 -72 74 000 10 10 03 00110 6 780 190 
SERIES D, 0015 In .. Di~ Drilled Hole Stress Raiser 
U4-D2 +72 68 800 100 3001 0·305 10 140 7 660 
U5-D3 -61 79 400 80 2700 00310 12 100 7 480 
U7-D5 -72 79 300 75 30·5 00355 11 350 9 000 
U8-D6 
-79 79 800 100 3001 00301 12 080 7 070 
U3-Dl -83 80 400 30 2108 00218 12 800 3 080 
U6-D4 -92 82 000 1 1702 00187 12 300 1 540 
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TABLE 703 
MECHANICAL PROPERTIES OF THE MATERIALS USED FOR TEE 
SIZE~EFFECT SERIES L~ KTLJnED STEEL 
Lower Yield Ultimate Elongation Reduction 
Point, psi Strength in 8 ino,ojo of Area,% 
psi 
1!4=ino x 2 1!2~ino Bar, V 
39 000 60 500 27,,0 5509 
38 900 60 400 2601 5207 
-~ 
Average 38 900 60 400 2605 5403 
1/2~ino Plate, P 
~7 ()()n 
.. / ~ '-'.....,''-# 60 000 2900 51"" ..,. _ 00) 
38 000 60 000 29,,0 5509 
Average 37 500 60 000 2900 5601 
..,. I, . 
,jLf.=J.TI.o Plate, H 
,'-
(~-:;;~ 
35 300 58 100 3600 6201 
36 400 59 300 3309 6:Lg2 
--=--
Average 35 800 59 000 34.9 6109 
1 1!4.,.,ino Plate, X 
34 700 t::.7 ann ,/1 ./V' .... 36,,3 63,,9 
35 300 58 600 36_°1 62 .. 3 
Average 35 000 58 200 3602 63 .. 1 
.: ... , 
<:;...... 
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MECEANICAL PROPERTIES OF THE MATERIPLS USED roR THE 
SIZE EF~T SERIES IN RIMMED STEEL 
Lower Yield Ultimate Elongation) Reduction 
Point) psi Strength in 8 ino)% of .Area) % 
psi 
l/4-ino x 2 l!2-ino Bar,W 
28 400 56 800 2707 49.7 
27 000 56 200 2809 5000 
Average 27700 56 500 2803 49,,8 
1.!2-ino Plate, M 
29 200 51 600 31.0 57.4 
28 300 51 000 32 .. 0 5£306 
Average 28 700 51 300 31.,5 ;58.0 
3/4-ino Plate, G 
32 300 55 400 32·9 5708 
31 700 54 900 3208 5602 
Average 32 000 55 100 3208 57 .. 0 
1. 1/4-ino Plate, Y 
3l 000 55 800 34.9 57 .. 4 
30 200 55 000 3502 5cLO 
Average 30 600 55 400 3500 57·7 
SUMMARY OF TEST DKrA FOR TEE SIZE -EFFECT SERIES 
IN KTIJ.ED STEEL 
Spec .. Temp 0 ) Ultimate Percent Reduction Final Absorbed Ener~;y: 
No" o . Stress on Shear in of AreaJ % Elongation" :in lbjsqo in. F Net Section) Fracture in" Before After 
psi Maximum Maximum 
Load Load 
SERIES E" Specimens l/4-Iuc Thick by l l/2 Inc Wide 
V3",E3K ~~·O 67 500 85 2602 Ool77 4 360 3 700 
V4-E4K -56 69 200 75 2600 Ool53 4 280 4 390 
V5-E5K -68 70 600 80 2309 o"l67 4 llO 5 030 
V2-E2K ~77 69 700 3 l307 0,,074 4- l50 590 
Vl-ElK -83 7l lOO 5 800 00082 3 960 l 540 
V6~E6K 
-93 72 000 5 ll06 00065 3 600 640 
SERIES F) Specimens l/2-In" Thick by 3.Ino Wide 
Pl2~FlK 
-25 64 800 75 25~l 00272 7 210 7 420 
Pl5°oF4K ·-36 65 400 75 2406 0.259 6 570 7 430 
Pl7~F6K 
-39 65 500 70 2lo3 OQ274 6620 6 930 
Fl6e>F3K .. 1~3 64 lOO 3 808 00088 4740 0 
P14."F3K 
-50 65 000 2 706 0~097 5 430 0 
Pl3~F'2K 
-77 67 lOO 3 9,,0 00097 5 560 0 
SERIES G) Specimens 3/4-In. Thick by 4 l/2 In. Wide " ~ j :-~:-:.: 
m6-G5K 0 6l 300 lOO 2207 00473 10 350 II 200 
El2-GlK -21 61 800 lOO 230l O.4Bl 9 730 II 780 
El5-G~-K -25 62 700 88 2402 00472 lO 240 l2240 
Hl4-G3K ··30 62 700 5 9,,2 o.l83 9 550 0 
Hl7-G6K -40 62 300 3 90l 0"l9l 10 000 0 
Hl3-G2..X 
-58 63 600 3 9,,0 00166 8 920 0 
SERIES H) Specimens l l/4 In. Thick by 7 l/2 In .. Wide 
Xl3-E2K +2.'.0 57 500 45 l7,,3 . o~ 508 l6220 9820 
Xl6-H5K 0 58 600 80 1906 Oop84 l5240 l6600 
Xl2-RlK .-3 57 900 2 80l 00:290 l3940 0 
Xl4-E3K . -8 59 400 4 905 00308 l5940 0 
Xl5-H4K -l6 60 200 3 806 00297 l5 580 0 
Xl7-H6K .-32 60 lOO 3 805 0.,293 l5 200 0 
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SUMMARY OF TEST DN£A FOR THE SIZE-EFFECT SERIES 
IN RIMMED STEEL 
Spec 0 Temp. , Ultimate Percent Reduction Final Absorbed Energy 
No. OF Stress on Shear in of Area,~ Elongation, in lb/ sq. in. 
Net Section, Fracture ino Before After 
psi Maximum Maximum 
Load Load 
SERIES E, Specimens 1/4-In. Thick by 1 1/2 InQ Wide 
W4-E4R +37 56 800 65 2703 00157 3 690 3 700 
W3-E3R +25 55 700 50 2400 0 .. 1,47 2300 4040 
W6-E6R +13 55 600 2 904 00064 2 380 870 
W2-E2R +1 56 800 3 1003 00065 2 300 1 070 
W5-E5R -~ 57 200 1 7.6 00055 2 550 180 
'Wl-ElR 
-83 58 000 1 404 00021 780 360 
SERIES F, Specimens 1/2 -Ino Thick by 3 In" Wide 
Ml2-FlR +55 52 100 75 24.5 00332 7020 7080 
Ml3-F2R ."1 "?' 53 900 85 2606 O~349 7 510 6 860 1-..1..,) 
ML5-'F4R 0 54 600 85 24~6 00355 7 390 7 290 
Ml4-F3:R -7 55 400 4 10~1 0~136 6220 0 
Ml6-F5R ~-13 55 100 5 12~J.., 0,,153 7 180 0 
Ml7-F6R -39 56 700 3 1004 0.129 6 290 0 
SERIES G, Specimens 3/4-In .. Thick by 4 1/2 In. Wide 
Gl2-GlR +58 52 400 100 2202 00436 7 llO 9 310 
G16-G5R +50 51 600 100 2402 00437 8 410 8 470 
G15-G4R +43' 51 850 6 803 00154 6 770 0 
G14-G3R +29 52 100 4 605 ogl44 6 300 0 
G13-G2R 0 53 000 4 609 00136 5890 420 
G17-G6R -40 53 000 2 6.4 0.102 4740 0 
SERIES H) Specimens 1 1/4 -In. Thick by 7 1/2 In .. Wide 
Yl5-H4R +75 48 000 70 2108 00656 14 300 12 000 
Yl7-H6R +65 50 700 100 2106 0~129 14 480 12 400 
Y12-ID.R +60 49 900 2 606 0~224 9 440 0 
Yl6-H5R +56 49 800 3 604 0.,210 8 800 0 
Yl4-E3R +40 47 800 2 5~4 00191 7 920 0 
Yl3-H2R -38 47 500 1 706 00120 5 000 0 
MECHANICAL PROPERTIES tOF THE MATERIALS USED FOR TEE 
TESTS OF 12-IN. WIDE PRESTRAINED P".uATES 
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SUMMARY OF TEST DKrA FOR TEE 12-IN. WIDE" PRESTRAINED PLATES 
Spec. Temp. , Ultimate Percent Reduction Final Absorbed Eners;y 
No. OF Stress on Shear in of Axe a" % Elongation" in 1 b/ sq" in" 
NE7t Section" Fracture ino Before After 
psi Maximum Maximum 
Load Load 
Killed Steel D" As-Rolled 
lBA-5 +7B 52 900 90 Not 0 .. 902 13 500 23 600 
lBA-3 +59 54 600 75 Given 00795 15 400 2l 000 
17-6B +41 53 400 90 00B62 13 100 2l 400 
lB:8-2 +41 48 000 0 00134 4 200 1 500 
17-6A +40 54 300 0 ' 0.193 7 500 1 000 
22A-2 +l7 54 Boo B5 0~931 13 900 23 Boo 
22:8-2 -2 48 400 0 '0.127 3 Boo 1 500 
17A-5A -50 47 800 0 00082 2 000 l 500 
Killed Steel D" Prestrained 
22B-3A +5B .58 200 70 1500 00683 II Boo 22 500 
22.B-3B +45 58 2)0 94 1602 00B12 11 800 23 800 
17~5A +30 60 000 3 6,,2 00159 B 900 a 
17-5B -47 59 100 1 2·9 0.078 4 100 0 
Rimmed Steel E" A$-Rolled 
18-9A +128 49 500 94 Not 0·913 10 000 22 600 
23-3B +109 48 900 87 Given 0.968 9' 400 2l 900 
13A-5B +74 40 500 0 0.235 ~ 300 2 100 
13A-5A +40 37 600 0 0,,086 2 700 0 
2O-2A 
-73 37 900 0 00064 1 500 300 
Rimmed Steel E, Prestrained 
16-6B +123 50 700 97 2200 0,,895 9 300 2l 900 
16-6A +100 50 800 92 2008 0.890 9 800 22 700 
17-10 +75 48 200 3 20B 0.069 2 800 0 
18~9B +72 47 Boo 3 206 00050 2 000 0 
Rimmed Steel E" Prestrained and Aged 
17A-17 +15B 54 100 100 IB·5 00148 B 000 18 900 
17A-19 +139 54 900 B5 16~7 0~685 7 Boo 19 500 
17A-16 +l33 54 500 100 IB~2 0~169 Bl00 20 400 
17A-20· +122 54 400 2 4~4 0~125 5 100 0 
17A-18 +78 51 900 1 1.8 0 .. 042 1 Boo 0 
[",~~~:-. 
TABLE 8011 
AXIAL TENSION IMPACT TES~r BESDI,TS FOR RIMMED STEEL E 
Ini tial ~erg;y~ 45 ft~'lb 
Striking Velocity~ 15.5 fps 
~.--c::'I;::.:r:..""::::X ~.,.....,. .... t..;:---="" 
Speco Tempo', Impact Energy, Reduction 
No. OF ft'-1b/ sq" ina of Area,,'/o 
E38 2)0 515 3107 
E44 193 44J.t. 25· 7 
53;E 193 495 3709 
36E 160 432 3003 
54E 160 422 3305 
Ell 160 51~6 36 f) o (~ a 
E12 160 556 34.6 a 
E13 140 500 3500 a 
E14 111-0 589 35,6 a 
48E 140 391 32,,1 
42E 140 371 2306 
51E 111-0 356 2709 
33E 130 268 1509 
E46 127 2hl 14.7 
E45 127 263 1104 
E15 115 280 2402 a 
E16 115 301 1801 a 
E47 102 229 10.2 
55E 100 216 1100 
E9 90 200 1008 a 
ElO 90 242 lio} a 
E3 70 233 808 a 
El 10 165 602 a 
E33 68 228 500 
E7 53 149 304 a 
E8 53 186 4.8 a 
"E4 16 114 402 a 
E2 16 183 2,,8 a 
E5 =60 134 :201 a 
E6 "'>60 67 103 a 
I 
a Designates specimens tested with Light Bob 10 
L·~.-_.-.~-_0 "-f 
_ Ini tial Energy~ 60 ft,»lb 
Striking Velocity~ 18 f'ps 
~~~,-,:,,_~~.-c=;~_' 
Spec e Temp. J Impac t Energy 
Noo OF ft~lb/ sq. ina 
a-oc-~_-~_~~~~~ 
E34 195 438 
E35 195 504 
E27 160 402 
F28 160 428 
56E 150 )~OO 
E40 150 410 
58E 140 284 
46E 140 365 
E25 140 390 
E26 140 379 
E41 1.30 307 
E43 130 269 
44E 120 261 
E23 120 285 
E24 120 238 
E42 110 227 
E31 100 171 
E32 100 210 
E29 80 159 
E30 80 148 
E36 40 72 
E37 40 145 
'& 
Reduction 
of AreaJ % 
7==-C-~ 
29·7 
27.0 
3304 
34 ,Q 
3l-00 
29.2 
20·5 
25.6 
2902 
2705 
16.6 
1300 
13.4 
1809 
1504 
1007 
9,,3 
806 
608 
6.4 
201 
306 
TABLE 8.2 
AXIAL TENSION IMP ACT TEST RESULTS FOR KILLED STEEL Dr 
Initial Energy: 45 ft~lb Ini tial Energy~ 45 ft···lb Initial Energy: 60 ft-lb 
Striking Velocity: 8.5 fps Striking Velocity: 15.5 ips Striking Velocity: 18 ips 
---_._- --
----.------ -- -
~ .. I~ 
Spec. Temp. ) Impact'· Energy Reduction Spec. Temp &) Impact Energy Reduction Spec. Temp.) Impact Energy Reduction 
No. OF ft-lb/ sq.:in. of Area//o No. 0 ft-lb/ sq. in. of Area/fo No. OF ft-lb/ sq. in. of Area)% F 
~~-
H48 74 552 37.7 d H28 76 471 30·9 Hl4 120 539 38.0 
ill 2 58 492 35&2 d H26 72 dub 28.5 a,b 16D 120 427 22.5 e 
H41 60 516 36.4 H46 72 dnb 30.2 a,b 13D 100 417 27.0 e 
H27 60 517 36.4 Hl7 71 dub :i0 .9 33D 100 565 38.7 f 
H34 41 395 25·0 H3 70 dub 24.9 a IlD 75 354 16.0 e 
H23 41 515 3304 H4 70 dub 24.2 a 28D 73 4110 24.9 e 
H3i 40 219 11.3 d K45 63 586 34.8 a,c H30 73 522 3105 
H32 40 505 3301 d K44 63 466 26.2 a,c 19D 60 377 14.1 e 
H29 30 299 17·5 H7 53· dub; 26.7 a H49 60 530 31·9 
ill8 30 m8 14.8 H8 53 dnU 18.1 a H47 59 556 27 06~ 
304 3m 
, 
30.3 58 537 31.5 f H37 22 1900 d 53 dnb 30D 1 H38 22 286 15.8 d H44 51 460 23·7 29D 50 645 34.7 f 
H43 15 249 1200 H36 42 dnb 26,,2 a H42 50 4J_4 16.7 
H24 15 414 26.0 H2O 42 257 10.7 a lUI 50 284 10,,1 
H22 15 236 1009 H9! 36 dnb 2601 a 27D 50 307 1109 e 
H25 15 207 806 mo 36 313 10.0 a 20D 40 322 1207 e 
H35 30 dub 23.8 a Hl9 40 364 1601 
H21 30 333 12.7 a 32D 40 551 31 .. 4 e 
ID.. 16 306 11.1 a H33 30 311 11·9 
H2 16 322 10.7 a 9D 30 328 7.9 e 
H6 -60 302 4.8 a 26D 0 297 801 e 
'H5 -60 322 6.6 a 2lD 0 246 6.7 e 
35D 0 298 9.1 f 
dnb Specimen did not ~reak; reduction of area determined from unbroken specimen 
a Designates specimens tested with Light Bob 1 \D 
b Designates specimens aged 2 hours at 212°F \D 
C Designates specimens from group used in previous tests 
d Designates specimens tested in impact machine in Metallurgy Laboratory 
e Designates specimens from Plate 2 
f Designates specimens from Plate 3 
(Rem~ining specimens are from Plate 1) 
TABLE 8.3 
AXIAL TENSION ~MP.ACT TEST RESUn,rS FOR KJLJ.\ED AND NORMALIZED STEEL Dn [-I 
0 
0 
Init~al Energy: 45 ft~lb Iui t.ial ED,0!;gy~ ~·5 ft,r,lb Initial Energy~ 60 ft .. lb 
striking Velocity~ 805 fps St.riking Vel(lcity~ J~5o 5 fps Striking Ve1ocity~ 18 f'ps 
_~-_~~. ~,t..~~~...::c:::...~~-' .~c-.....~~-~~_.~~-.::=- .... :~ __ = 
", -
'" 
~.~~~..-.~ 
Spec 0 Tempo) Impact Energy Reduction Spec 0 Tempo) Impact Energy Reduction Spe~o Temp 0 J Impact Energy Reduct·ion 
Noo of ft 1b/ sqo:in~ of Ar:ea, % NoD OF ft lb/ sqo ino of AJ~eaJ % NoD OF £t 1b/ sq. in. of AreaJ% 
'~: .. :-... --"::'~' ~ _._~ a:. 
G3 76 563 4107 G8 74 dub 29.2 a 113G 120 573 }+3.2 
G38 76 563 38.4 G23 69 663 3903 G49 90 551 4202 
G5 40 552 41.0 109G 69 666 380 9 G4J.. 120 545 41)+ 
G37 40 574 44.1 115G 50 596 39·9 G42 60 528 3707 
G2 20 542 38.7 G58 50 600 40.4 1020 60 52l 35~6 
G34 20 547 3703 G14 hI dnb 2709 a G47 50 484 3502 
G7 10 377 2)+,,5 G22 40 dnb 26c4 a G17 50 502 33·0 
G32 10 3)8 1000 G50 40 582 3808 123G 50 426 26J6 
G19 10 355 23 e l 112G 38 538 3509 107G 40 169 801 g 
G6 '0 236 J.2.4 G20 30 Clnb 2606 a 1200 )+0 467 28~1 
G36 0 248 12.4 G25 30 dub 2609 a G46 J_~o 496 35~5 
G10 ~10 204 906 G21 50 425 25·7 G43 40 11-89 52~6 
G30 <»10 187 904 G52 30 361 2200 G48 30 335 1902 
G12 ..,35 162 5,,6 G57 30 596 3802 103G 30 34'+ 1501 
Ga3 ~35 199 704 G15 20 dnb 2708 a G40 30 432 2405 
G24 20 530 27" 5 a 1240 20 290 1204 
G61 20 376 21·5 G44- 20 331 1505 
G53 20 557 3408 105G -50 98 101 g 
G55 20 445 2608 G45 ~54 264 4c6 
G27 11 470 22.2 a 
G31 10 395 17 .. 0 a 
G62 10 307 1402 
G56 10 308 1301 
G16 0 370 1104 a 
G33 0 438 14.8 a 
G54 =10 256 906 
060 -10 245 8.7 
G39 020 334 908 a 
G1B =20 326 B.4 a 
~~,.,.--- -e-'<-J"~-~r:.._c::r:·n:.::1C!":':::> 
dnb Specimen d;id'not break 
a Designat.es specimens tested with Light Bob 1 
g Visible internal flaw 
C: .. :· \,-!.~~.--.,,:~ , . rLJHr;i._:: 
- ~-. 
TABLE 8.4 
AXIAL TENSION ' IMPACT TEST RESULTS FOR SEMI ,p KILLED STEEL A 
Initial. Energy: 45 ftc·lb 
Striking Velocity: 15.5 fps 
Spec. 
No. 
17A 
38A 
28A 
8A 
16A 
39A 
20A 
40A 
4A 
33A 
11A 
29A 
36A 
2A 
Temp 0, 
of 
140 
140 
120 
120 
100 
100 
92 
90 
80 
80 
60 
60 
40 
40 
Dnpact Energy 
'ft~lb/ 'sq. 'in. 
456 
452 
475 
460 
400 
433 
337 
335 
303 
304 
252 
261 
266 
248 
Reduction 
of Area,ojo 
30.2 
30.8 
31.8 
30·3 
25·1 
27.2 
1906 
18.4 
14.3 
14.2 
9·1 
8<3 
3.8 
6.2 
Initial Energ~: 60 ft-1b 
striking Ve1ocity~ 18 fps 
Spec. 
.No. 
41A 
14A 
42A 
12A 
24A 
34A 
37A 
6A 
23A 
26A 
31A 
15A 
25A 
35A 
32A 
27A 
Temp. , 
OF 
140 
140 
120 
120 
110 
110 
100 
100 
90 
90 
80 
80 
60 
60 
40 
40 
Impac t Energy 
ft'''lbj sq. in. 
478 
478 
447 
455 
426 
444 
419 
315 
292 
316 
299 
305 
281 
84 
221 
263 
Reduction 
of Area,% 
32·3 
33·7 
31.2 
31·3 
27.4 
29.8 
25· 7 
16e6 
1509 
15.4 
14.1 
1502 
11.1 
3·3 
5·7 
6.8 
\-1 
o 
f-J 
T~-tE 8.5 
i-J 
AXIAL TENSION IMP ACT TEST RESULTS FO.R SEMI.~ Kl1LED STEEL C 0 [\) 
Initial Energy: 45 ft~lb" Initial En~rgy: 60 ft~lb 
Striking Velocity: 15.5 fps Striking Velocity: 18 fps 
Spec. Temp. , Impact Energy Reduction Spec. Temp. Impact Eilergy Reduction 
No. of ft"'lb/ sq~ in. of Area,% No. of ft~lb/ sq. in. of Area,% 
--~ 
15e 190 607 35~5 25c 190 496 34~8 
20c 190 541 24.4 E27c 190 533 35.4 
10c 160 585 34.8 12c 160 526 35·2 
3e 160 519 33·0 E42c 160 492 3408 
16e 140 605 34.2 33c 150 458 3807 
14c 140 578 34.9 38c 150 504 3201 
36c 130 546 32.6 E50c 140 399 26.4 
44c 130 546 32.7 26c 140 506 32.1 
13c 120 423 25.4 3~c 130 274 21·5 
2ge 120 511 3200 39c 130 422 26.0 
35c 110 273 1205 E49c 120 290 15.7 
42c 110 273 12.6 23c 120 331 16.1 
le 102 230 9·3 37c 110 312 1308 
2ge 101 273 12.0 41e 110 2S1 13·3 
5c So 242 9·9 E32e 100 207 8.S 
19c So 240 8~6 6c 100 260 12.2 
26c 36 209 4.8 7c 80 204 702 
2.1c 80 211 7.2 
17e 40 154 402 
Co l ""0 
103 
TABLE 9.1 
RESULTS OF SERIES A TESTS) SPECIMEN TYPE A 
Spec. Gage Dia- Type Spring Elong- No. Reduction Location' of 
No. Le~th) meter) of Tension ation) of of Area)% Fracture 
in. in. Tests d fJ Blows 
Killed Steel 
E-20 5.78 .249 Imp. Loose 26.6 65 70 Bottom 
E-21 5·78 .250 Imp. Loose 2700 68 63·5 Bottom 
E";22 5·78 .252 Imp. Tight 29·2 57 71 .. 4 Center 
E-23 5~'78 .249 Imp. Tight 30.1 56 70.6 Center 
E~24 5~80 .. 250 Imp. Tight' 37.0 70 69.0 Center 
E-25 5·80 .252 Imp. Loose 29·3 73 69·4 Bottom Q-1 3·99 .188 Imp. Tight 19.4 II 70.0 Center Q-2 3~99 .186 Imp. Tight 18·3 10 67.5 Center 
Q-3 3·99 .18~ Imp. Tight 23·6 13 69.9 Center Q-4 3·95 .186 Static 12.0 66.0 Center Q-5 3·95 .249 Imp. Tight 22·9 24 68·3 Center Q-6 3~96 .250 Iplp ~ Tight 25·5 30 67·5 Center Q-7 3·97 .248 Imp. Tight 20.2 2l 67.4 Center 
Q~8 3 0 99 ·315 Imp. Tight 33·1 74 68 Boitom 
Q-9 3·98 ·312 Imp. Tight 29·0 78 66.2 Center 
Q-lO 3·98 ·314 Imp. Tight 30·5 77 67.7 Bottom 
Q-ll 3·95 ' ·314 Static -,-- 15.4 66.0 Center 
Rimmed Steel 
F-12 6~01 .253 Static 1805 61.5 Center 
F-13 6.77 .251 Imp. Tight 26.9 65 63.5 Cent,er 
F-14 5 .. 76 .251 Imp. Tight 24.5 55 64.,5 Center 
F-15 5·75 .256 Imp. Tight 25·3 62 64.0 Bottom 
F-16 5.76 .248 Imp. Loose 24.4 67 65.0 Center 
F-17 5·76 .252 Imp • Loose 25·5 75 62.0 Bottom 
F-19 5·75 . 244 Imp. Doose 2204 58 63·0 Bottom 
F-20 3·99 .189 Imp. Tight 17.0 II 62.5 Center 
F-22 4.00 .. 187 Imp. Tight 18.0 12 59·0 Center 
F-23 3099 .188 Static --- 12.0 58·5 Center 
F-24 3·99 .241 Imp. Tight 29·0 37 62·5 Bottom 
F-25 3·99 .251 J.m:p. Tight 1700 24 65·0 Center 
F-26 3·99 .251 JJrr.p. Tight 20.0 27 62.5 Center 
F-27 3·99 ·312 Imp. Tight 2800 92 63·5 Bottom 
R-l 4.00 ·313 Imp. Tight 22·5 66 63.5 : Center 
R-2 3·99 ·309 Imp. Tight 20·5 53 62.0 Center 
R-3 4.00 ·312 Static "--- 1700 -- 64~0 Center 
R-4 4.00 .187 Static 21·5 63·0 Center 
lo4 
TABLE 902 
RESULTS OF SERIES B TESTS, SPEC IMEN TYPE B 
Spec. Gage Diameter, TY.Pe Elongation, No .. Reduction Location of 
No. Length, in. of % of of Area,'/o Fracture 
in. Test Blows 
Killed Steel 
Q-12 4.00 .186 Imp 0 llo7 4 61.8 Center 
Q-13 4.00 0189 Imp. l405 5 63.6 Center 
Q-14 4~00 .188 Static lo.6 6600 Center 
Q-15 4000 el85 Static 904 64·5 Center 
Q~l6 4.00 0250 lrnI' w l60l 11 6409 Center 
Q-l7 4 .. 00 .. 250 Imp. 2203 l6 67.9 Center 
Q-8J 4000 .249 Static 1204 66.0 Center 
Q-21 4000 .245 Static l306 6505 Center 
Q-24 4 .. 00 0311 Imp. 260l 32 67.7 Bottom 
Q-25 4~oo ·315 Imp. 25~7 32 5706 Center 
Q-26 4.00 031l Static 1404 66.0 Center 
Q-27 4 .. 00 0306 Static l30l 6400 Center 
S-l 50B75 .246 Imp 0 18.2 18 67.2 Center 
S-2 50875 0251 Imp 0 2100 2l 6502 Center 
S"-3 50B75 0249 Static 1805 66.0 Center 
8-4 5<>B75 0248 Static 1605 6705 Top 
Rimmed Steel 
R-5 4000 .186 Imp. 100B 5 46.7 Center 
R-6 11-.00 .188 Imp 0 l602 6 5200 Bottom 
R-7 4,,00 0187 Static 902 
-
6100 Bottom .. 
-
R-8 4 .. 00 ol86 Static 9,,7 61.0 Bottom -
R-9 4000 .248 Imp. l404 15 59)~ Bottom 
R-lO 4000 .250 Imp 0 l509 15 6000 Bottom 
R-1.1 4000 .. 250 Static l3);- 5705 Bottom 
R-l2 4.00 0250 Static l208 5905 Bottom 
R-13 5 .. 875 0250 Not tested 
R-l4 50875 0250 Not tested 
R-15 5,,875 0251 Static l307 60.5 Bottom 
R-l6 5·875 .251 Static 1307 6005 :Bottom 
R~! 7 
-I 4000 0301 Imp. Machine Failed 
R-l8 4.00 0313 Imp. 2002 32 57·5 . Bottom 
R-19 4.00 ·309 Static 1607 5905 Bottom 
R-20 4000 ·313 Static 1400 5705 Bottom 
R-2l 4~00 0250 Static 1309 59·l Bottom 
"R-22 4.00 0253 Static 14-04 57.2 Bottom 
TABLE 903 
RESULTS OF SERIES C TESTS) SPECIMEN TYPE B 
Spec. Ave. Vol. Type Gage Total E1on-
No. Diam. Cu. In. of Length} Elongation gation 
Test in. in. % 
U~l .194 .0648 Static 2.254 0.433 19·1 
U.,;2 
.192 .0635 Static 2.131 0·392 18.4 
U-3 .193 .0640 Imp. 2.229 0.602 27.0 
u'-4 
.256 .1130 Static 2.249 0.492 21·9 
U-5 .256 .1130 Static 20257- 0.479 2102 
u~6 
.255 .1110 Imp. 2.185 0.698 31·9 
U-7 0285 .1400 Static 2.246 0.363 16.1 
u ... 8 .284 .1390 Static 2.247 0.478 21.2 
U,~9 0286 .1410 Imp. 2.127 00800 37·5 
Ut-9~19 .285 .1390 Imp. 2.236 0.866 38.7 
U~9~20 .285 .1390 Imp. 2.289 0.816 35·6 
U-I0 0319 01750 Static 2.124 00556 26.2 
u-li .}~.S 01740 Static 2.255 0.569 25·2 
U ... 12 
·318 ·J.740 Imp. 2.243 0.944 42.1 
U"'13 
·379 02470 Static 2.126 0.679 31·9 
u .. 14 
·380 .2480 Static 2.250 0.638 28·3 
U-15 
·379 .2470 Imp. 2.252 0.908 40·3 
up15-a 
·380 .2480 Imp. 2.867 1.180 52.0 
U-15 .. 22 
·3S0 .2480 Imp. 2.1!21 1.040 49.0 
u ... 16 
.444 
·3390 Static 2.252 0.6132 30·3 
U~17 .444 
·3390 Static 2.250 0·721 32.0 
lh-J,.S 
.445 ·3410 Imp. 2.154 1.029 4S.0 
U ... 18-23 
.449 ·3470 Dnp. 2.141 1.024 48.0 
u .... 18-24 .445 .3410 Imp. 2.230 1.137 51.0 
No. Reduction 
of of Area/fa 
Blows 
61.7 
·63·4 
6 56 .5 
61.4 
66.6 
14 62.4 
61.6 
54.1 
21 62.8 
2l 63. 8 
22 63·6 
64.8 
61·3 
37 59.8 
66.6 
70.0 
87 69.1 
80 67.2 
79 64.8 
59·5 
76 .. 7 
148 69·6 
153 69·8 
174 61.6 
Location 
of 
Fracture 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Center 
Top 
Center 
Center 
Center 
Center 
Top 
Top 
Top 
I-' 
G 
V1 
TABLE 9.4 
COMPUTATION 0]' ENERGY PER BLOW OF SERIES C SPEC lMENS -, f-l 
" 0 
0\ 
--~- --
, 
Klougation No. Spec. Volume Rat.io of Static Impact Total Energy 
No. CUo In. 4 in--:---- 2.188 in. ,Imp.. Elong. Energy Energy Energy of per 
Length Length to Static per' per in. -lbs. Blows Blow 
Elongation Cu. In. CUo In. (in.-Ibs.) 
U... 3 0.640 16.0 :27·0 1.44 15,,700 1000 6 167 
Static 12'.4 18.8 10,,900 
u- 6 0112 1809 31·9 1e48 19,,100 2140 14 153 
Static 13·8 21.06 12,,900 
tJ- 9 .141 21.8 37·5 1049 20 ,,000 2820 21 134 
U-'9-19 ,.,i40 22.7 38.7 1.54 20 ,,400 2860 21 136 
u- 9=20 .140 2109 35·3 1.40 18,,800 2630 22 119 
Static 14.6 25·1 13,,400 
U..,12 .174 25.7 42~1 1.64 25,,300 4410 37 119 
Sta;tic 16.1 25·7 15,450 
U-15, 0248 3207 40 .. 3 le34 21,700 9.,.00 87 6201 
U ... 15c >21 0248 30e5 5200 1.73 28,000 6950 80 8700 
U~15C222 0248 ~.1 4900 1.63 26,,400 6550 79 8300 
Static 18.0 3001 16,200 
u-18 0341 2706 4800 1·51 25,000 8540 148 57.7 
U-18~23 8348 270)'" 4800 1·51 25,000 8540 153 55.8 
U-18-24 .341 29.6 5100 1061 26,700 9120 174 5204 
Static 19.6 3107 16,600 
lE\:: I . l.. ___ i. ___ , i._ .. __ -'.i ~~ .. ~J t. ~:~,_; J i 
TABLE 1001 
RESULTS OF REPEATED-LOAD STATIC TESTS OF KIT.LED STEEL) SPECIMEN TYPE C 
Spec. Nominal Noo of Total Elongation Reduction 
No. Diameter Loadings Elongation, in 20188" of Area,% 
in. in. % 
AB-l 0.250 II 0·557 25·5 67.4 
lffi-2 00250 11 00586 26.8 66.4 
lill-3 0·312 18 00640 29·2 66.7 
AB-4 0·312 19 00630 28.8 66.0 
TABLE 10.2 
RESULTS OF NORMAL STATIC TESTS OF ICITJ.ED STEEL, SPECIMEN TYPE F 
Spec. Noininal Total Elongation Reduction Yield Ultimate 
No. Diameter, Elongation) in 2.188" of kcea)% Stress) Stress, 
in. in. % psi psi 
lffi=7 0.433 0~745 3400 66~3 41)500 60,500 
AB-14 0.429 00759 3407 66.3 47)200 60 ,800 
AB-22 0 .. 429 0 .. 803 3606 66.8 44,500 60,600 
RESULTS OF REPEATED-IMPACT TESTS OF KTI.T,ED STEEL 
Spec 0 Nominal Speed No. of Spec 0 Type of Type of 
No. Diameter RoP.M .. Blows Type Finish Fracture 
in. 
AB-9 0.434 lOG 23,780 E .Af3 Mach. Fatigue 
AB~lO 00439 150 331 E As Mach. Ductile 
AB-ll 00438 ~5 17,212 E As Mach. Fatigue 
AB-5 0.43l 85 26,325 E Transv~rse Fatigue 
AB-6 0.435 75 103,638 E Transverse Fatigue 
AB-15 00433 75 3'93)420 F Longitudinal None 
AB-17 0~432 85 65,050 F Longitudinal Fatigue 
AB-18 0.432 85 43,875 F Longitudinal None * 
* 
Yoke broke, test was 'not finished. 
108 TABLE 1101 
RESULTS OF REPEATED COMPRESSION TESTS ON MILD STEEL 
Spec. Maximum Test Stress,psi 
No. (Zero to Compression Loading) 
RK-l 53,000 
RK-2 59,500 
RK-4 84,000 
RK-13 85,000 
RK-3 89,000 
RK-6 89~000 
RK-ll 90,000 
RK-14 90 ,000 
R...T(-16 x 90,000 
A-2 x 90 ,000 
A-l x 90 ,000 
RK-15 x 90,000 
RK-12 95,000 
RK-10 95,000 
RK:...8 95,000 
RK-7 95,000 
A-3 x 105,000*** 
* Nofailu.re occurred 
** Number of Cycles at whicb First Crack appeared 
*** Minimum Stress in this test was 15,000 psi 
.\',(' 
x- Tests run after realignment of loading apparatus 
TABLE 11.,2 
Number of 
Cycles Applied 
12,409,100* 
10 ,3,31,000* 
5,360,000* 
255,000** 
381,000** 
2,148,000* 
176,000** 
457,000** 
905,000** 
1,516,000* 
2,797,000* 
3,629,000** 
137,000** 
375,000** 
499,000** 
804,000** 
3,716,400* 
RESULTS OF STATIC TENSJLE TESTS OF PRECOMPRES~ STEEL SPECIMENS 
'i-
Spec. Compressive Aging Tensile Percent Reduction 
No. Prestress Process Ultimate Elongation of Area,% 
psi Stress, (over 2 in. 
psi gage leD.§.tb) 
1 0 None 64,200 38- 69·7 
2 63,800* None 60,600 40 64.0 
3 63",Soo* 4 hr. at 212dego Fo 60,400 42 63·2 
4 68 ,400 None 61,100 41 63·8 
5 68,400 2 1/2 M;- a.t 212 deg. Fo 61,300 44 62.4 
B 71,000 None 61,400 39' 62.5 
c 71,000 2 hr. at 212 deg a F. 61,500 40 64.0 
T'\ 71,000 2 hr. at 550 deg~ F~ 69,500 23' SS.5 .lJ 
6 91,000 None 19,200 -20' 6S.5 
7 97,000 2 l/2 br. at 212 deg. F. SO,5<¥) 19 67.5 
8 97,000 28 br. at 300 deg. F. 80,200 19 68.5 
* Preload mai~tained for 3 hrs. 
TABLE 11.3 
RESULTS OF REPEATED C0~RESSION-TENSION TESTS ON MILD STEEL 
I 
Spec. Prestress, Initial Stress,* Final Stress,-X* Final Stress No. of Cycles Applied Stress Range 
No. ksi ksi ksi Range" ksi Fai1e'd Did not Fail Prestress 
1 97 -74.6 to +17.8 92.4' 419,000 0·95· 
2 97 -85.8 to +6.0 91.8 674,000 0·95 
9 97 -90.0 to +5.0 -70.8 to +19.6 90.4 968,,000 0·93 
17 97 -70.0 to +18.7 88.7 354,000 0·91 
21 97 -71.2 to +17.5 88.7 729,000 0·91 
1~· 97 -75.0 to +12.6 -71.0 to +17.4 88.4 870,000 0·91 
151 97 -69.6 to +18.0 87.6 1',392,000 0·90 
101 97 -85.0 to +5·0 -72.6 to +14.9 87·5 907,000 9·90 
2~~ 97 -70.0 to +12.9 -70.0 to +17.5 87·5 1,118,000 0·90 
31 97 -95.0 to +109 -81.6 to +5.4 87.0 2,006,000 0.89 
1;1 97 -70.0 to +13.2 -70.0 to +:).606 86.6 1,,086,000 0.89 
16 97 -75.0 to +6.8 ~75.0 to +9.5 84·5 2,,285,000 0.87 
II 97 -90.0 to 0 -75.0 to +9·5 84.5 3" 321} ,,000 0.87 
1 r ) c.. 97 -63.8 to +19.7 83·5 2,327,000 0.86 la 97 -65.0 to +18.0 83·0 1,463,000 0.86 
20 97 -55.0 to +21.2 -55.0 to +26.4 81.4 2,086,,000 0.84 
19 97 -60.0 to +15.1 -60.0 to +19.2 79·2 2,,016,000 0.82 
a 92 :..76.0 to +8.7 -65 .. 8 to +19.8 85.6 609,,000 0·93 
7 92 -80.0 to +9·1 -64.2 to +20.9 85·1 629,,000 0·92 
l} 86 -80.0 to +8.5 -58.8 to +30.1 88.9 296)000 1.03 
5 86 -62.9 to +25.0 87.9 608,,000 1.02 
23 86 -57.2 to +25.0 82.2 437,000 0·95 
24 86 -.60.0 to +15.5 - 56 . 2 to + 23 • 6 79.8 1,,129,,000 0·93 
6 80 -65.0 to +10.0 -58.8 to +14.1 7209 866,,000 0·91 
25 69 -41.4 to +27.2 68.6 476,,000 0·99 
26 69 -45.0 to +19.1 
-36 • 0 to +29· 5 65·5 298,,000 0·95 \-I 0 
'0 
* 
Not listed for those tests in which the strain range was changed during the initial cycles to maintain 
a desired stress range (- indicates compressionj + indicates tension) 
~I(- Based on Area at Start of Test 
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